
ABSTRACT 

KEEN, KELLY GRACE. Effect of Tetratrichomonas gallinarum on Production Parameters in 
Commercial Turkeys and Development of a Cochlosoma anatis Infection Model. (Under the 
direction of Dr. Robert Beckstead). 
 

Tetratrichomonas gallinarum and Cochlosoma anatis are flagellated parasites whose host 

range include commercial turkeys. Found in the intestinal tract of infected birds, these protozoa 

have been suggested to be enteric pathogens. However, the pathogenicity of T. gallinarum and C. 

anatis can vary, ranging from no outward signs of disease to severe enteritis and increased in flock 

mortality. Due to the inconsistent onset of disease during infection, the importance of T. 

gallinarum and C. anatis as pathogens to the poultry industry is questionable. The removal of 

antiparasitic drugs, such as nitroimidazoles, from poultry production has increased the prevalence 

of both T. gallinarum and C. anatis. A general lack of knowledge necessitates a need for research 

aimed at better understanding the etiology and epidemiology of both organisms. 

Current turkey industry practice includes T. gallinarum diagnostics at 4-6 weeks. However, 

there is no current literature detailing the changes in body weight (BW), body weight gain (BWG), 

and feed efficiency (FCR) during a T. gallinarum infection. Assessing whether a T. gallinarum 

infection causes decreases in growth performance would determine if this parasite alone negatively 

impacts the turkey industry. In Manuscript I, two separate bird trials were conducted to test the 

effects of different field isolates of T. gallinarum on growth performance in commercial toms. 

Weekly BW, BWG, and FCR data were collected for both trials and lesion scoring was conducted 

at trial termination. The first trial demonstrated no statistical differences (p<0.05) in growth 

performance parameters or lesion formation between infected and uninfected groups. However, 

infected turkeys consistently had lower BW and BWG for the entirety of the trial. The second trial 

increased sample size to improve statistical power, used two different T. gallinarum isolates, and 



included a decreased threonine diet to add nutritional stress on the birds. Birds fed the decreased 

threonine diet consistently had lower BW and BWG, but there was not an interaction effect of 

decreased threonine and infection, regardless of isolate type used. Differences in BWG, feed 

intake, and FCR due to infection were observed during weeks 3-5, but there were no significant 

changes in cumulative data. Similarly, there was not a consistent effect of isolate type on 

production parameters or lesion development. The results from these bird trials demonstrate that 

turkeys infected with a single field isolate of T. gallinarum have limited pathology. It is possible 

that under alternative conditions, such as a co-infection with a secondary microorganism, T. 

gallinarum may exacerbate enteritis in turkeys.   

Reports of C. anatis infections in the literature and in fields reports suggest that secondary 

factors, such as co-infection and sex, are responsible for the variability seen in disease outcomes. 

The second objective of this thesis was to analyze field data of commercial flocks naturally 

infected with C. anatis (in literature review) and develop an infection model that would allow for 

downstream experiments testing epidemiological factors related to a C. anatis infection 

(Manuscript II). In Manuscript II, two bird trials were conducted investigating the effects of bird 

sex and co-infection on disease severity during a C. anatis infection of commercial turkeys. The 

first trial demonstrated a significant decrease in BW of both female and male infected turkeys and 

earlier disease onset in infected females. The second trial also demonstrated a significant decrease 

in BW for both sexes and earlier disease onset for infected females, but there was not a significant 

effect of co-infection with T. gallinarum on BW. 

The results from these studies demonstrates the inability for T. gallinarum to cause disease, 

while C. anatis can act as a pathogen in turkeys.  
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INTRODUCTION 

Enteric diseases, caused by bacteria, viruses, and protozoa, are a consistent threat to 

commercial poultry production, with the USDA naming it the 3rd priority research focus (USDA 

Health Action Plan, 2017). Flagellated protozoa, such as Histomonas meleagridis, 

Tetratrichomonas gallinarum, and Cochlosoma anatis, pose a problem for the industry in that no 

preventative or treatment pharmaceuticals are currently available. H. meleagridis, the causative 

agent of blackhead disease, has consistently demonstrated its ability to cause enteric disease in 

turkeys through formation of lesions in the ceca and liver (McDougald, 2005). However, the 

etiology of T. gallinarum and C. anatis are not as well understood due to variability in clinical 

signs observed during infection, making their classification as enteric pathogens disputable. 

Both T. gallinarum and C. anatis have conflicting data regarding their pathogenicity in 

literature. Clinical signs associated with infection of either protozoa include decreases in growth 

and increased flock mortality. Lesions and sudden mortality was determined to be due to the 

presence of T. gallinarum identified throughout the small intestines of in red-legged partridges 

(Liebhart, 2014). Decreased egg production and increased flock mortality was been noted during 

T. gallinarum infections of both ducks and chickens (Crespo, 2001; Landman, 2016). Depressed 

growth and enteritis has been noted in turkeys and finches infected with C. anatis (Boucher, 2001; 

Flippich, 1997). Intestinal atrophy and increased mortality contributed to C. anatis infections have 

been observed in ducklings and turkeys (Cooper, 1995; Travis, 1938). However, there are also 

cases for both parasites where infection does not cause outward signs of disease. Various 

experimental infections of T. gallinarum in chickens and turkeys did not result in observable 

clinical signs or changes in growth (Amin, 2011; Kemp and Reid, 1965; Lee, 1972). An in vitro 

study testing the effect of T. gallinarum on chicken liver and quail fibroblast cells did not 
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demonstrate any degenerative changes in either cell type (Amin, 2012). In ducks naturally infected 

with C. anatis, no pathological signs were observed (Kimura, 1934; Travis, 1938). An 

experimental infection of C. anatis in chickens, quail, and turkeys did produce any signs of disease 

to occur in any of the birds (Lindsay, 1999).  

While multiple experimental trials have been conducted investigating the pathogenic 

effects of T. gallinarum and C. anatis, there remains a lack of information regarding the 

epidemiology or production effects of either protozoa. The only work quantifying the effects of T. 

gallinarum on bird growth was by Delappe (1957), where T. gallinarum infections in both 

chickens and turkeys did not result in any changes in body weight over the course of four months. 

Recent industry data have demonstrated decreases in body weight, feed efficiency, and livability 

in commercial turkey flocks infected with C. anatis; while these data serve as a starting point for 

determining the effects on production due to a C. anatis infection, there remains a need for research 

identifying factors that predispose birds to infection or enhance magnitude of disease.  

T. gallinarum and C. anatis are parasites whose roles as enteric pathogens are questionable 

due to variability in development of disease. These inconsistent clinical signs prevent proper 

characterization of the negative impacts these parasites could have on commercial flocks. The 

objectives of the presented studies were to determine the effect of T. gallinarum infections on 

production parameters in commercial turkeys and develop an infection model for C. anatis to test 

factors that enhance disease in commercial turkeys. Results from these studies can be used to assess 

whether either of these organisms can cause enteric disease. 
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LITERATURE REVIEW 

 

TETRATRICHOMONAS GALLINARUM 

Introduction & Historical Perspective  

Tetratrichomonas gallinarum is a flagellated parasite of the Trichomonadidae family first 

identified in 1911 (Martin and Robertson, 1911). It is commonly found in the intestinal tract of 

multiple bird species (McDougald, 2008). Since its initial discovery, reports of pathogenicity 

during T. gallinarum infections vary. When disease does occur, clinical signs observed include 

enterohepatitis, lesion and granuloma formation, and increased mortality (Allen, 1941; Landman, 

2016; Liebhart, 2014). Alternatively, there have been multiple reports where no outward disease 

signs are presented (Amin, 2011; Delappe, 1957; Lee, 1972). Identification of multiple sub-species 

of T. gallinarum has been suggested to explain this variability in disease (Cepika, 2005). To further 

complicate disease characterization, presence of other organisms such as Blastocystis spp., Emeria 

spp., and bacteria are often noted alongside T. gallinarum infected birds (Liebhart, 2014; Norton, 

1997; Tyzzer, 1920). Changes in production parameters such as body weight and feed efficiency 

due to a T. gallinarum infection have not been holistically investigated. Overall, research on the 

etiological factors associated with a T. gallinarum infection pales in comparison to research on 

other protozoa such as Emeria spp. The purpose of this review is to provide a detailed summary 

of current information on T. gallinarum to assist in determining whether this organism is a 

significant pathogen to the poultry industry. 
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Structure and Life Cycle 

Morphology 

The size of T. gallinarum is variable, ranging from 7.7µm-15.2µm in length and 2.9µm-

9.5µm in width (McDowell, 1953). Variation in size can be affected by the environment the 

parasite grows in, with media type and pH shown to affect the width and length of the parasite 

(Amin, 2014; Theodorides, 1965). T. gallinarum possess a single nucleus that is ovoid-shaped and 

centered at the anterior end of the organism (Amin, 2014; McDowell, 1953). The axostyle is 

described as thin and pointed, and is also located at the anterior end of the trophozoite. Ability to 

visualize the axostyle varies throughout literature; self-phagocytosis of the structure has been 

hypothesized to be the cause of this variability (McDowell, 1953). Four free flagella reside 

proximal to the axostyle and a single flagellum is located at the posterior end (Bondurant and 

Honigberg, 1994). Other morphological characteristics of T. gallinarum include a hydrogenosome, 

which serves as an alternative to a mitochondrion, and food vacuoles commonly seen throughout 

the cytoplasm (Amin, 2014; Kulda, 1999).  

 

Life Cycle 

T. gallinarum is excreted from infected birds within 1week during experimental infections 

of chickens and turkeys. Friedhoff noted excretion of trophozoites 24hr after chickens were orally 

and cloacally inoculated (Friedhoff, 1991); chickens and turkeys experimentally infected both 

orally and cloacally began excreting T. gallinarum 2d post-inoculation (p.i.) (Amin, 2011). During 

the study performed by Friedhoff, fecal smears were collected from infected birds for microscopic 

evaluation, where T. gallinarum was noted to undergo morphological changes during the 

development of a pseudocyst; trophozoites viewed were surrounded by a flexible membrane that 
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caused reduction in flagella length. The pseudocyst could be formed in order to protect the 

organisms once exposed to the external environment (Friedhoff, 1991). While excretion of T. 

gallinarum can occur less than 3d p.i., literature has also demonstrated the organism’s ability to 

establish a latent infection, lasting up to seven months in infected chickens without causing 

outward signs of disease (Amin, 2011; Friedhoff, 1991; Liebhart, 2014).  

 

Transmission and Hosts 

T. gallinarum can be transmitted both orally and cloacally during experimental infections. 

Chickens and turkeys were successfully infected with T. gallinarum when inoculated through both 

oral gavage and cloacal inoculation, with no difference in infection rates between inoculation 

methods (Amin, 2011; Friedhoff, 1991). These results suggest that T. gallinarum can be 

transmitted to naïve birds either through ingestion of fecal material containing T. gallinarum 

pseudocysts or uptake of trophozoites in the litter by the cloaca.  

Multiple avian species have been reported to be infected with T. gallinarum without 

displaying outward signs of disease. These species include chickens, turkeys, ducks, geese, quail, 

pheasants, owls, and crows (Friedhoff, 1991; Levine, 1985). As previously mentioned, a latent 

infection of T. gallinarum was established during experimental trials, suggesting that these birds 

may act as reservoirs for the parasite (Amin, 2011). There is no research identifying non-avian 

reservoirs or vectors.   

 

Classification  

Variation in morphology between different isolates of T. gallinarum have made classifying 

this member of the Trichomonadidae family difficult (McDowell, 1953). Alongside variability in 
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morphology, diversity in genomic sequences between T. gallinarum field isolates has also been 

reported (Cepicka, 2005; Kleina, 2004). Multiple sub-species of T. gallinarum were proposed due 

to variations observed in their 16S and 5.8S rRNA sequences (Cepicka, 2005). Identification of 

this “species complex” was suggested to explain the inconsistency in clinical signs associated with 

T. gallinarum found throughout literature. Molecular characterization of T. gallinarum isolates 

with differing pathogenicity and morphology needs to be performed in order to better define this 

species.  

 

Clinical Manifestation 

Diagnostics 

Microscopic evaluation of fecal dropping or cloacal swabs is used to identify the presence 

of T. gallinarum. T. gallinarum is distinguishable from other protozoa by its shape and rapid, 

erratic movement (Allen, 1941). T. gallinarum can be cultivated in modified T. vaginalis media or 

Dweyer’s media when initial counts are low (Amin, 2014).  

The nucleic acid of T. gallinarum can be identified through polymerase-chain reaction 

(PCR) and in-situ hybridization (ISH). Multiple PCR primers have been created to target the 18S 

rRNA, 5.8S rRNA, ITS1, and ITS2 regions (Cepicka, 2005; Delgado-Viscogliosi, 2000; 

Grabensteiner and Hess, 2007). While the majority of these primers detect all trichomonads, the 

primers designed by Grabensteiner and Hess (2007) can be used to specifically amplify the 18S 

rRNA region of T. gallinarum. In an experimental infection of chickens and turkeys, ISH, using a 

30bp portion of the 18S rRNA sequence, was more sensitive in detecting T. gallinarum compared 

to haematoxylin and eosin histochemical staining (Amin, 2011, Liebhart, 2006). ISH can be used 

to correlate histological changes due to the parasitic load of T. gallinarum at infection sites. 
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Infection Site 

T. gallinarum is most commonly found in the ceca and large intestines of chickens and 

turkeys (Amin, 2014; Liebhart, 2014; Norton, 1997). In a case study lasting over four years, 60% 

of cecal samples from chickens were microscopically positive for T. gallinarum (McDowell, 

1953). However, as no other tissues were sampled, it cannot be concluded that the cecum was the 

only site of infection. Identification of T. gallinarum-like organisms were identified in the oviduct 

and vaginal lumen of Pekin ducks (Crespo, 2001). In an experimental infection of chickens and 

turkeys, the highest abundance of T. gallinarum, as identified by PCR, was in the ceca; this was 

regardless of bird species or inoculation method used (oral or cloacally). Interestingly, T. 

gallinarum nucleic acid was also amplified in blood, lung, and brain samples, suggesting the ability 

for T. gallinarum to establish a systemic infection (Amin, 2011). The presence of Histomonas 

meleagridis, a common protozoan found in co-infections alongside T. gallinarum, has been 

suggested to aid in dissemination of T. gallinarum throughout the bird (Hess, 2006). While case 

studies and experimental infections demonstrate that the ceca and large intestines is the primary 

site of T. gallinarum infection, pathological effects associated with the parasite is not as easily 

characterized.  

 

Disease 

Years of experimental infections and case studies investigating the pathogenicity of T. 

gallinarum has resulted in variable reports of clinical signs, with added confusion due to common 

occurrences of co-infection with other organisms. Clinical signs associated with T. gallinarum-

induced disease include lesion formation, enteritis, and mortality (Amin, 2011). Allen identified 

T. gallinarum as the causative agent of enterohepatitis and cecal lesions in domestic turkeys by 
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distinguishing microscopic differences between lesions observed and those caused by H. 

meleagridis (Allen, 1941). Decreased egg production and increased mortality was noted in female 

ducks infected with T. gallinarum (Crespo, 2001). In the same study, infected male ducks did not 

develop any signs of disease, suggesting a sex-related immune response to T. gallinarum. 

Typhlohepatitis in naturally infected ducks was determined to be due to the high abundance of T. 

gallinarum, as identified through ISH and 18S rRNA sequencing of tissue samples (Richter, 2010). 

Similarly, T. gallinarum was detected from naturally infected wild birds with necrotic hepatitis 

through 5.8S rRNA sequencing analysis of intestinal tissue samples (Burns, 2013; Laing, 2013). 

In red-legged partridges, lesions in the ceca and liver accompanied by sudden death were 

determined to be due to T. gallinarum identified through PCR and ISH (Liebhart, 2014). Increased 

mortality, decreased egg production and weight, and granuloma formation occurred in naturally 

infected layer flocks. In an attempt to replicate the formation of granulomas, pathogen-free layers 

were inoculated with T. gallinarum using three methods: orally, cloacally, or intravenously. All 

inoculated groups developed lesions, with the only difference noted was the absence of increased 

mortality for cloacally inoculated layers (Landman, 2016).  

Among these reports, there is a comparable list of disease development during co-infection 

of T. gallinarum and known pathogens. Clinical signs that occur both natural and experimental T. 

gallinarum infections should be taken with the understanding that the presence of other organisms 

could play a role in disease development observed.  T. gallinarum was commonly found alongside 

H. meleagridis and Blastocystis in intestinal scrapings taken from naturally infected birds with 

lesions in the large intestines (Tyzzer, 1920). T. gallinarum could not be named the causative agent 

of severe necrotic enteritis observed in experimentally infected birds due to the presence of bacteria 

in the inoculum, which was noted to have possibly played a role in the development of disease 
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(Norton, 1997). In the study done by Liebhart, Heterakis gallinarum, the nematode vector of H. 

meleagridis, was identified in the ceca of infected birds and cocci oocysts were also found in the 

small intestines (Liebhart, 2014). In the report of typhlohepatitis in ducks, ISH signals positive for 

H. meleagridis were identified in cecal lesions alongside T. gallinarum (Richter, 2010). The 

reoccurrence of T. gallinarum and H. meleagridis as described by Tyzzer (1920), Richter (2010), 

and Amin (2011), suggests a potential symbiotic relationship between the two protozoa during co-

infection.  

Repeated reports of isolated T. gallinarum infections lacking development of clinical signs suggest 

that during co-infection, the other organism present, such as H. meleagridis, is the causative agent 

of disease. In a comparative experimental study between chickens and turkeys, there were no 

lesions or differences in body weight between infected and uninfected birds (Delappe, 1957). 

Turkeys cloacally inoculated with T. gallinarum displayed no clinical or histopathological changes 

during infection (Goedbloed and Bool, 1962). Kemp did not observe any mortality, decreased body 

weight, or lesion formation in experimentally infected chickens and turkeys (Kemp and Reid, 

1965). Chickens cloacally inoculated did demonstrate decreased microvilli height, but no outward 

signs of disease were correlated to villi atrophy (Lee, 1972). During an experimental infection of 

chickens and turkeys, the epithelium lining of the ceca was sloughed away at sites where parasitic 

load was heavy; however, no clinical signs were displayed (Amin, 2011). During an in vitro study, 

T. gallinarum did not cause degenerative effects on neither chicken liver or quail fibroblast cells 

(Amin, 2012).  
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Treatment 

Perhaps due to the varied pathological effects as discussed, little research has been 

conducted investigating the efficacy of pharmaceuticals against T. gallinarum. A natural essential 

oil mixture containing thyme and rosemary demonstrated effectiveness against T. gallinarum in 

vitro, requiring a minimal lethal concentration of 0.55µl/mL (Grabensteiner, 2007). All 

trichomonads have sensitivity to nitroimidazoles, such as metronidazole and dimetridazole 

(Franssen, 1992; Kulda, 1999). However, since the removal of these products from food animal 

production, they are no longer applicable treatment methods. It is clear from the inconsistent 

reports on the pathogenic capabilities of this parasite that more research is needed to determine if 

T. gallinarum is a threat to the poultry industry before developing products to treat infections. 

 

Conclusion 

T. gallinarum is a protozoan that is commonly found in both wild and commercial birds. 

The diversity in morphology and genomic sequence found within the T. gallinarum species could 

explain the inconsistencies in disease development associated with this parasite. As suggested by 

Cepicka, sequencing of field isolates used in experimental infections would greatly assist in 

determining which, if any, subspecies of T. gallinarum could pose a threat to the poultry industry. 

While there have been studies documenting clinical signs such as lesion development and enteritis 

during a T. gallinarum infection, there is no research investigating the effects of an isolated T. 

gallinarum infection on both growth performance and feed efficiency in commercial birds. Even 

in the absence of extreme intestinal atrophy or mortality, decreased efficiency in production 

parameters due to T. gallinarum would be of interest, and possible concern, for the poultry 

industry. 
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COCHLOSOMA ANATIS 

Introduction & Historical Perspective 

Cochlosoma anatis is an intestinal parasite first described by Kotlán in domestic ducks, 

where he developed the general name Cochlosoma (Kotlán, 1923; Travis, 1938). In 1930, Tyzzer 

established the family Cochlosomidae to include the two new genera he identified in ruffled 

grouse, Cyanthosoma and Ptychostoma. Upon the establishment of this phylogenetic family, the 

name Cochlosoma anatis was given to the parasite identified by Kotlán and was classified under 

the Cochlosomidae family (Travis, 1938). Since its initial discovery, C. anatis has been identified 

in both mammalian and avian species (Bermudez, 2008; Boucher, 2001). The pathogenicity of this 

parasite has been disputed due to contradictory reports on pathological disease noted during 

infection. When disease does occur, clinical signs such as enteritis, decreased body weight, lesion 

formation, and mortality are observed (Bermudez, 2008; Travis, 1938; Watkins, 1989). However, 

there have been records of infected birds not displaying any signs of disease (Bollinger, 1996; 

Kimura 1934; Lindsay, 1999). Accurate characterization of C. anatis pathogenicity is further 

complicated when the presence of other pathogens is detected (Bermudez, 2008). Research 

regarding the transmission, reservoirs, and sensitivity to pharmaceutical therapeutics of C. anatis 

is minimal. There is an overall lack of knowledge of this parasite and the potential threat it may 

pose on the poultry industry. The purpose of this review is to provide a detailed summary of the 

information currently available regarding C. anatis and to incorporate new industry data to further 

expand the knowledge of this parasite. 
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Structure & Life Cycle  

Morphology 

The size of C. anatis can vary from 4µm-6µm wide and 6.5µm-11.5µm long. It is ovular 

in shape when viewed from the dorsal side and a lateral groove extends the body of the parasite 

(Pecka, 1996; Travis, 1938). The parasite narrows at the posterior end and an adhesive disc causes 

the body to concave at the anterior end. Four anterior flagella split into groups of two, which extend 

from the intersection of the adhesive disc and lateral groove (Watkins, 1989). These flagella cause 

C. anatis to have a jerking, erratic movement that makes it easily definable from other protozoa. 

A posterior flagellum extends from the adhesive disc and a lateral flagellum extends past the 

opening of the disc (Travis, 1938; Watkins, 1989). Consistent with others in the Trichomonadida 

order, C. anatis has a single nucleus, blepharoplastic complex at the anterior end, and an axostyle 

that emerges from the posterior end of the trophozoite (Pecka, 1996).  

The adhesive disc is the most discussed morphological feature of C. anatis (Bermudez, 

2008; Hampl, 2006; Pecka, 1996). This is due to its theorized ability to attach to enterocytes of the 

intestinal tract during infection. Authors have suggested this attachment causes damage to 

enterocytes and allows for the parasite to impede nutritional absorption (Bermudez, 2008). 

However, these hypotheses have yet to be tested due to the inability to isolate C. anatis in media 

to perform in vitro studies (Boucher, 2001; Lindsay, 1999). 

 

Life cycle 

The inability to successfully culture C. anatis has also contributed to the lack of 

information regarding the replication and life stages of this parasite. Kotlán briefly reported 

replication through longitudinal division, while also noting a cyst stage, but did not provide 
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illustrations to further detail these claims (Travis, 1939). An extensive study of the parasite’s life 

cycle was done through scanning electron microscopy (SEM), which detailed separate trophozoite, 

rounding, and pseudocyst stages that were discernable through morphological changes. The 

trophozoite stage, with morphology described as above, was differentiated from the rounding stage 

by the ovular shape. During the rounding stage, the flagella began to be internalized by the 

organism and the concave due to the adhesive disc began to deepen. The pseudocyst stage was 

characterized by the complete internalization of the flagella and absence of the adhesive disc. This 

form was named a pseudocyst instead of a cyst due to lack of a cyst wall. The formation of a 

pseudocyst was suggested to protect the parasite from adverse environments, such as low pH or 

high temperatures (Evans, 2006).  

 

Classification 

There has been historical debate regarding the classification of C. anatis due to 

morphological similarities to both Giardia and Trichomonas. The presence of an adhesive disc on 

both C. anatis and Giardia suggested a phylogenetic relationship (Bollinger 1996; Travis, 1938). 

However, other physical characteristics such as a single nucleus, parabasal apparatus, and axostyle 

supported a classification among trichomonads (Boucher, 2001; Hampl, 2006). An extensive 

ultrastructural study of C. anatis utilizing SEM and transmission electron microscopy (TEM) 

excluded a relationship with Giardia. This was due to differences in the origins of the two adhesive 

discs and associated cytoskeletal components. It was noted that the parabasal apparatus and 

axostyle were homologous to trichomonads, as previously suggested. More morphological 

similarities to trichomonads, including membrane-bound granules homologous to 

hydrogenosomes, further supported the conclusion that the accurate classification of C. anatis was 
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under the order Trichomonadida. The family Cochlosomatidae and genus Cochlosoma as 

established by Travis were maintained (Pecka, 1996). Hampl supported this phylogenetic 

classification through analysis of the 16S rRNA sequence of C. anatis. Phylogenetic trees were 

constructed from the sequence and bootstrap values were measured. The sample formed a clade 

among the family Trichomonadidae, with a bootstrap value of 94-96%. Further phylogenetic trees 

constructed showed C. anatis consistently branching with Pentatrichomonas, with a bootstrap 

value of 65-77%. Based on these results, Hampl suggested to modify the Trichomonadidae family 

to include the taxa Cochlosomatidae (Hampl, 2006; Pecka, 1996).  

 

Clinical Manifestations  

Diagnostics 

Microscopy is the most common tool used to diagnose a C. anatis infection in birds by 

identifying morphology and movement characteristic of the parasite. A mucosal scraping wet 

mount taken from a section of the intestines can be viewed through light microscopy to identify 

C. anatis (Boucher, 2001; Lindsay, 1999). If organisms morphologically consistent with 

descriptions of C. anatis are seen, the bird is diagnosed as clinically positive. This methodology 

has been successful in identifying trophozoites throughout the small intestines of infected birds 

(Bollinger, 1996; Cooper, 1995; Lindsay, 1999). A flaw of this method is misdiagnosing birds as 

uninfected if the wet mounts contain a parasitic load too low to visualize trophozoites. Media 

suitable for C. anatis to cultivate low-yielding samples has not yet been created to combat this 

issue (Lindsay, 1999).  

A molecular tool used to detect C. anatis is polymerase-chain reaction (PCR). McElroy 

created primers that amplify a 374bp product of the C. anatis 16S mtDNA and used the PCR 
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protocol to identify the parasite in flies (McElroy, 2005). However, the number of tested samples 

used in the study was 18, with a detection rate of 44% (8/18). The low sample number coupled 

with the lack of studies characterizing this primer set causes concern over its sensitivity and 

specificity to C. anatis.  

 

Infection site  

As determined through wet mount evaluation, C. anatis resides throughout the intestinal 

tract. Kotlán first described the parasite in the cecum of domestic ducks, however it was not noted 

whether other locations were sampled for identification of the parasite (Travis, 1938). In an 

experimental infection of ducks, parasitic load was localized to the large intestines and cloaca 

(Watkins, 1989). These observations were repeated in a case study of a naturally infected goose, 

with the parasite found primarily in the large intestine and cecum (Pecka, 1991). In experimentally 

infected Muscovy ducks, the majority of trophozoites were attached to the epithelium at the crypt 

base (Bollinger, 1996). The highest distribution of C. anatis during the first week of infection was 

found in the distal jejunum and proximal ileum. As infection persisted, the parasitic load localized 

to the lower small intestines and cecum. In a case study of infectious enteritis, C. anatis was found 

throughout the intestinal tract of poults, including the cecal tonsils (Travis, 1938). Protozoa 

morphologically consistent with C. anatis were found in highest abundance in the lumen of the 

duodenum and jejunum of naturally infected toms (Cooper, 1995). Similar to Bollinger, Campbell 

found the highest abundance of C. anatis in the intestinal crypts of infected turkeys (Campbell, 

1945). Morphological changes of the intestinal lining due to C. anatis were noted by both Bollinger 

and Cooper.  In poults, the small intestines were dilated and the villi blunted (Cooper, 1995). In 

ducks, increased crypt depth and villi height were noted, but these changes were not reflected by 



   

18 
 

the flushing and weight loss. Crypt and villi hypertrophy were attributed to impairment of nutrient 

assimilation due to attachment of C. anatis to the enterocytes (Bollinger, 1996).  

 

Isolated disease & co-infection in literature 

Alongside changes in intestinal morphology, clinical signs displayed during a C. anatis 

infection include enteritis and poor growth performance (Bermudez, 2008). Runting and enteritis 

were observed in both finches and turkeys (Cooper, 1995; Flippich, 1997; Travis, 1938). Kotlán 

noted swollen, bloody intestines in infected ducklings (Travis, 1938). In a case study of turkeys 

infected with an organism morphologically consistent with C. anatis, loss of appetite, diarrhea, 

and extreme mortality was noted. Birds sampled had lesions in the duodenum and jejunum, with 

watery and frothy contents found throughout the small intestines (Campbell, 1945). Cooper noted 

diarrhea and enteritis in turkeys naturally infected with C. anatis. Mortality was reported to reach 

50 birds per day in a 28,000-bird flock during peak outbreak. After infected birds no longer 

displayed signs of disease, a 16% decrease in body weight was observed at processing (Cooper, 

1995). Commercial turkey hens experimentally infected with C. anatis had a 24.4% and 37.3% 

decrease in feed intake and body weight gain, respectively, and a 18% decrease in feed efficiency 

over a 3-week study (Boucher, 2001).  

However, there have been incidences where C. anatis infections do not lead to development 

of disease. In a natural infection of ducks, the presence of multiple Cochlosoma species throughout 

the intestinal tract did not result in outward signs of disease (Kimura, 1934). Similarly, Travis 

(1938) did not observe any pathological signs of domestic ducks with a high C. anatis load in the 

large intestines. No differences in body weight or pathogenic effects were noted in Muscovy 

ducklings experimentally inoculated with the parasite (Bollinger, 1996). Lindsay confirmed the 
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presence of C. anatis in the intestines of experimentally inoculated chickens, quail, and turkeys, 

but did not note any disease associated with these birds (Lindsay, 1999). Reduced fat absorption 

in infected poults was observed during an experimental study, but body weight did not differ 

between infected and uninfected groups at the end of the experiment (Bermudez, 2003). 

Inconsistencies of disease development in birds infected with C. anatis has caused controversy on 

the pathogenic capabilities of this parasite. The variability in disease noted has been suggested to 

be due to C. anatis functioning as a secondary pathogen, dependent on primary infections of other 

organisms to cause disease (Bermudez, 2008). 

The hypothesis of C. anatis to function as a secondary pathogen is supported by the 

repeated presence of other pathogens noted alongside C. anatis infections. Kimura (1934) claimed 

that intestinal inflammation in ducks was caused by an unspecified bacterial infection rather than 

C. anatis. In the case study by Cooper (1995), other pathogens including Salmonella, 

Campylobacter, Spironucleus, and Coronavirus-like particles were noted in infected poults. While 

Campbell (1945) concluded that C. anatis was the causative agent of enteritis in turkeys due to its 

high abundance, species of Trichomonas and Spironucleus were also present in wet mounts. 

Salmonella Heidelberg was consistently recovered from intestinal samples of turkeys 

experimentally infected with C. anatis that were exhibiting runted growth (Boucher, 2001).  

 

Isolated disease & co-infection in industry data 

While the pathogenicity of C. anatis reported in literature is variable, there are consistent 

negative effects associated with infection observed in the poultry industry. Field data from 

commercial infected turkey flocks were evaluated, which can assist in characterizing negative 

production effects due to C. anatis. However, a limitation of these data is the uncontrolled 
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variability that can exists between flocks. Factors such as weather, environment, and management 

practices can vary between farms that are under the same production company. 

In most cases of C. anatis observed in the field, turkeys exhibited depressed growth, 

hunched posture, and poor flock uniformity with fecal material on their feathers and wet droppings 

found throughout the house suggesting severe diarrhea due to infection (Figures LR-1 & 2). Field 

data presented in this review is from commercial turkey hen flocks in Arkansas from 2014-2017, 

categorized into either a light (14 pounds) or heavy (21 pounds) weight class. The number of flocks 

included in this data set are displayed in Table LR-7 by year and category. Data provided by a 

turkey production company demonstrate the effects of a C. anatis infection on average daily weight 

gain (ADG), feed efficiency (FCR), and livability of commercial turkey flocks (Tables LR-1 

through 3). Percent decreases in growth performance due to C. anatis infection compared to 

uninfected flocks are in Tables LR-4 through 6. Percent ADG decrease (Table LR-4) was higher 

for light hens (average 5.43% decrease) compared to heavy hens (average 4.92% decrease). Light 

hens also had poorer FCR (average 6.38% increase) than heavy hens (average 6.11% increase) 

during infection (Table LR-5). Similarly, livability decrease during infection was higher for light 

hens, (average 2.80% decrease) compared to heavy hens (average 1.42% decrease) for heavy hens 

(Table LR-6). Interestingly, livability for infected heavy hens in 2017 was higher (90.89%) 

compared to uninfected heavy hens (89.56%). The inconsistency in negative effects associated 

with C. anatis from industry data coincides with variable reports from literature. 

The presented data demonstrates increased negative of production effects of a C. anatis 

infection on light hens compared to heavy hens. However, as previously mentioned, multiple 

factors other than a C. anatis infection can cause variability in production parameters. The other 

organisms present alongside C. anatis in commercial flocks can affect growth and livability.  
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The effects of isolated turkey coronavirus (TCV) infection and TCV co-infection with C. 

anatis on growth performance are displayed in Tables LR-1 through 3. While there is a consistent 

trend of co-infection causing greater decreases in growth performance compared to individual 

infections (Tables LR- 4through 6), the magnitude is not greater than a simple additive effect in 

most cases. Flock livability was the only parameter where co-infection consistently caused a severe 

negative effect (Table LR-6). For light hens in 2014, isolated infections of C. anatis and TCV 

caused a percent livability decrease of 3.60% and 0.77% respectively. However, the presence of 

both organisms caused a decrease of 6.60%, over 1.5 times the expected percent decrease if the 

co-infection effect was additive. This trend was also present for light hen livability in 2017, where 

dual infection caused a decrease over 1.2 times the expected percentage. In 2017, co-infection 

caused a decrease in percent livability for heavy hens (10.07%). Percent decreases on growth and 

FCR due to co-infection were not as greatly affected compared to livability. These data suggest 

that a dual infection of C. anatis and TCV can lead to increased mortality.  

A second data set collected from commercial hen flocks provides more information on co-

infection associated with C. anatis (Table LR-8). This data summarizes detection of C. anatis, 

Tetratrichomonas gallinarum, and Emeria spp. from intestinal wet mounts of Arkansas 

commercial hens viewed through light microscopy; note that this data is separate from data 

displayed in Tables LR-1 through 6. An average of four birds per farm (total farms=103) were 

randomly selected from flocks for sampling. 65.05% of samples had live C. anatis upon 

microscopic evaluation. Of this percentage, 11.94% had no other observable organisms in the 

sample; the remaining 88.06% contained other visible protozoa. Dual infection of C. anatis and T. 

gallinarum had the highest occurrence, making up 51.46% of the total samples. In literature, both 

Campbell (1945) and Bollinger (1996) observed other trichomonads alongside C. anatis in infected 
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birds. Reports of co-infection from both literature and industry data suggests a possible 

relationship between C. anatis and T. gallinarum. An experimental trial comparing isolated 

infections of C. anatis and T. gallinarum to a dual infection could provide insight on whether the 

two act synergistically in the bird to enhance disease severity. 

 

Treatment 

Members of the nitroimidazole family have were historically used to treat birds infected 

with C. anatis. An outbreak of C. anatis in waxbills that were provided metronidazole through 

drinking water (250mg/L) were cleared of infection 3d post-treatment (Poelma, 1978). Ducklings 

experimentally infected with C. anatis recovered from weight loss contributed to infection after 

oral administration of metronidazole (7.5mg per 100g of body weight) for 5 consecutive days 

(Bollinger, 1996). A survey of infected finches treated with metronidazole (40mg/L) and 

ronidazole (60mg/L) provided by drinking water cleared infection after 3d and 7d of treatment, 

respectively (Flippich, 1997). Metronidazole and dimetridazole in drinking water (30mg/L) 

allowed recovery from weight loss in infected turkeys (Boucher, 2000). In another study by 

Boucher, trophozoite counts were decreased in turkeys treated with nitarsone through oral gavage 

(0.019%), though infected birds maintained a significant decrease in weight gain compared to 

uninfected birds. In an additional experiment, inclusion of roxarsone in drinking water (0.002%) 

for four days improved body weight and weight gain of infected birds without clearing the C. 

anatis infection (Boucher, 2001). The efficacy of nitroimidazoles and roxarsone against C. anatis 

has been repeatedly exhibited in literature. However, the removal of these products from food 

animal production prevent them from being used in the poultry industry. Testing the efficacy of 
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products against C. anatis that are allowed for use in the poultry production is needed to determine 

a new treatment for this parasite.   

 

Epidemiology  

Survival outside of host 

Sensitivity of C. anatis to the outside environment has been demonstrated through the 

unsuccessful attempts of culturing the parasite. Multiple attempts to culture C. anatis in Hartley’s 

broth with 2.5% glucose resulted in bacterial growth that killed the parasite (Campbell, 1945). 

Later attempts to culture the protozoa in modified Keister’s medium and Diamond’s trichomonas 

medium were both unsuccessful (Cooper, 1995; Watkins, 1989). Lindsay (1999) tested multiple 

solutions and temperature combinations on C. anatis viability. Trophozoites placed in HBSS at -

20˚C or tap water at 22˚C for 45min appeared dead upon microscopic evaluation. Exposure to 

HBSS at 4˚C, 22˚C, or 37˚C for 24 hours also resulted in nonviable C. anatis. Maintenance in 

HBSS at 37˚C for 45min was the only environment where viable trophozoites were seen during 

microscopic evaluation. Turkeys placed on litter contaminated with C. anatis 2hr prior from 

infected birds were not confirmed to be infected when microscopically tested 8d post-placement 

(Lindsay, 1999). Similarly, C. anatis in fecal droppings were non-motile and declared dead 24hr 

after excretion (Boucher 2001). These data exhibit the sensitivity of C. anatis to the external 

environment, suggesting that eradication from farms can be achieved without the use of chemical 

compounds once infected flocks are removed from the house. 
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Transmission and hosts 

Successful experimental C. anatis infections have demonstrated the parasite’s ability to be 

transmitted orally or cloacally. Muscovy ducklings administered inoculum either through oral 

gavage or cloacal inoculation were both successfully infected with C. anatis, shedding 

trophozoites 7d post-inoculation (p.i.) (Bollinger, 1996). Turkeys orally inoculated with C. anatis 

excreted trophozoites beginning at 6d p.i. Uninfected birds placed with a single C. anatis infected 

bird were positive for the parasite 6d after placement, with the hypothesized transmission being 

through ingestion of infected fecal material (Lindsay, 1999). The short time period from infection 

to excretion of the parasite (6-7d p.i.) demonstrates the rapid infectivity of C. anatis. The ability 

for birds to become infected through oral or cloacal inoculation suggests transmission can occur 

from ingestion of contaminated fecal material or uptake of protozoa through the cloaca by reverse 

peristalsis. It is possible that the formation of the pseudocyst allows C. anatis to pass through the 

acidic environment of the proventriculus unharmed.      

While C. anatis is most commonly found in avian species, bats and shrews have also been 

reported to house the parasite without exhibiting signs of disease (Pecka, 1991; Watkins, 1989). 

Oral gavage of C. anatis administered to quail and chickens demonstrated persistent infection 

without development of outward clinical signs of the disease. Trophozoites collected from these 

birds successfully established infection in turkeys when orally inoculated, suggesting the ability 

for quail and chickens to act as reservoirs for C. anatis (Lindsay, 1999).  

Based off the sensitivity of C. anatis to the external environment, transmission of the 

parasite between commercial farms would require a vector in order to maintain viable C. anatis. 

Wild birds that have been documented to be infected with C. anatis provides a starting point for 

identifying how the parasite may enter commercial poultry farms (Bollinger, 1996; Flippich, 1997; 
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Travis, 1938). House flies have been hypothesized to act as a vector during the transmission cycle 

due to identification of C. anatis DNA in fly samples (McElroy, 2005). However, C. anatis PCR 

positive flies were not demonstrated to be vectors of the parasite by infection studies. No further 

research has been conducted to identify vectors or reservoirs of C. anatis.  

 

Predisposing Factors 

While there is limited research regarding the risk factors associated with a C. anatis 

infection, factors commonly associated with enteric diseases should be considered. Flocks fed diets 

formulated with ingredients containing high levels of non-starch polysaccharides (NSP) are more 

susceptible to enteric disease (Moore, 2016). The immune status of the bird is another common 

factor that can predispose birds to disease. Stressors such as environmental changes or farm 

management have been shown to decrease immune function in birds (McDevitt, 2006; 

McReynolds, 2009). While no literature has been published on predisposing factors specific to a 

C. anatis infection, industry data on C. anatis infections provide preliminary information on risk 

factors. 

Data collected on C. anatis outbreaks for Arkansas turkey production between 2015 and 

2017 show increased incidences between August and November (Table LR-10). The highest 

number of outbreaks for all three years was during September, with 20-23 flocks infected. January 

through June consistently zero flocks infected with C. anatis for 2015 through 2017. More 

information on the reservoirs and vectors of C. anatis could help determine this seasonality effect.  

Industry data also suggests lighter bird weight and flock age are risk factors for disease. 

Lighter hens have a greater percent performance decrease in feed efficiency and livability 
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compared to heavier hens (Tables LR-5 and 6). As seen in Table LR-9, the majority of flocks 

infected with C. anatis during the years 2015-208 were between the ages of 3-4 weeks.  

 

Conclusions and Applications 

C. anatis is a rarely studied organism, with contradictory reports on its pathogenicity 

raising questions whether it’s a significant problem for the poultry industry. However, commercial 

data consistently reports losses in growth, feed efficiency, and livability in association with 

infection. Currently, there is no available prevention plans or treatment pharmaceuticals for C. 

anatis. Limited knowledge on the epidemiology and etiology of this parasite prevents development 

of methodologies to aid commercial flocks during infection.  

However, the sensitivity of C. anatis to the external environment and subsequent failed 

attempts in creating a suitable media has caused difficulties in furthering research. Creation of 

media that successfully cultivates C. anatis would allow for in vitro experiments that test the 

efficacy of products on protozoa viability in a controlled environment. Establishment of an 

infection model would provide a constant source of the parasite maintained in live birds to test 

different media solutions. An infection model would also assist in determining risk factors such as 

bird species, age, weight, and sex on disease severity. As industry data has shown, C. anatis is 

often found alongside T. gallinarum, another parasite whose pathogenicity is not well defined. An 

established infection model could be used to test the effects of C. anatis coupled with T. gallinarum 

to determine if disease is exacerbated.  

Diagnostic tools for identifying C. anatis are currently limited to microscopic evaluation 

and PCR primers as designed by McElroy. Diagnostics through microscopy requires immediate 

evaluation of wet mounts once collected from birds in order to prevent exposure to the external 
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environment. Even with the creation of culture media, samples would have inoculated and 

incubated within a relatively short period of time after collection. As mentioned, the efficacy of 

primers created by McElroy is suspect due to the lack of use in other C. anatis research. However, 

the lack of sequence information of C. anatis is a major obstacle in designing other primer sets. 

Sequencing the genome of C. anatis would allow for multiple PCR primers to be created and tested 

for specificity, which could be used to identify the parasite in suspected vectors such as insects, 

small mammals, and wild birds.  

C. anatis is not a new pathogen, but has become a rising problem for the industry due to 

lack of available products known to treat it. The development of an infection model, culture media, 

and diagnostic tools would assist in research on the epidemiological and pathogenic factors 

associated with this parasite. With a better understanding of C. anatis, effective prevention and 

treatment plans could be designed. The information presented is intended to serve as a foundation 

for future research on C. anatis in hopes of aiding the industry from the negative effects associated 

with this parasite. 
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Table LR.1: Effect of Cochlosoma anatis (C. anatis), turkey coronavirus (TCV), and co-
infection of the two on average daily gain (ADG) of commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 ADG (lb) 

Light Hens      
 Uninfected 0.170 0.173 0.167 0.170 
 C. anatis 0.158 0.160 0.157 0.168 
 TCV 0.163 N/A1 N/A 0.149 
 C. anatis * TCV 0.154 N/A N/A 0.146 

Heavy Hens      
 Uninfected 0.203 0.199 0.191 0.196 
 C. anatis 0.190 0.191 0.186 0.183 
 TCV 0.192 N/A N/A 0.180 
 C. anatis * TCV 0.187 N/A N/A 0.185 

 
1NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.2: Effect of Cochlosoma anatis (C. anatis), turkey coronavirus (TCV), and co-
infection of the two on average bird feed conversion ratio (FCR) of commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Average Bird FCR 

Light Hens      
 Uninfected 2.04 2.01 2.05 2.05 
 C. anatis 2.19 2.15 2.19 2.14 
 TCV 2.17 N/A1 N/A 2.31 
 C. anatis * TCV 2.23 N/A N/A 2.44 

Heavy Hens      
 Uninfected 2.32 2.34 2.4 2.41 
 C. anatis 2.44 2.48 2.51 2.62 
 TCV 2.5 N/A N/A 2.68 
 C. anatis * TCV 2.56 N/A N/A 2.76 

 

1NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.3: Effect of Cochlosoma anatis (C. anatis), turkey coronavirus (TCV), and co-
infection of the two on flock livability of commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Average Flock Livability (%) 

Light Hens      
 Uninfected 92.53 91.32 90.47 91.38 
 C. anatis 89.2 89.37 87.17 89.71 
 TCV 91.82 N/A1 N/A 86.51 
 C. anatis * TCV 86.42 N/A N/A 83.14 

Heavy Hens      
 Uninfected 92.48 91.81 90.33 89.56 
 C. anatis 90.66 90.4 87.01 90.89 
 TCV 88.87 N/A N/A 85.44 
 C. anatis * TCV 89.68 N/A N/A 80.54 

 
1NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.4: Effect of Cochlosoma anatis (C. anatis), turkey coronavirus (TCV), and co-
infection of the two on percent average daily gain (ADG) decrease in commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Percent ADG Decrease1 

Light Hens      
 C. anatis 7.06 7.51 5.99 1.18 
 TCV 4.12 N/A2 N/A 12.35 
 C. anatis * TCV 9.41 N/A N/A 14.12 

Heavy Hens      
 C. anatis 6.40 4.02 2.62 6.63 
 TCV 5.42 N/A N/A 8.16 
 C. anatis * TCV 7.88 N/A N/A 5.61 

 
1Decreases were calculated by subtracting average bird weight for uninfected and infected 
flocks; the value calculated was then divided to average bird weight for uninfected flocks and 
multiplied by 100 
2NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.5: Effect of Cochlosoma anatis (C. anatis), turkey coronavirus (TCV), and co-
infection of the two on percent mean feed conversion ratio (FCR) increase of commercial 
hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Percent FCR Point Increase1 

Light Hens      
 C. anatis 7.35 6.97 6.83 4.39 
 TCV 6.37 N/A2 N/A 12.68 
 C. anatis * TCV 9.31 N/A N/A 19.02 

Heavy Hens      
 C. anatis 5.17 5.98 4.58 8.71 
 TCV 7.76 N/A N/A 11.20 
 C. anatis * TCV 10.34 N/A N/A 14.52 

 
1Increases were calculated by subtracting average bird FCR for uninfected and infected 
flocks; the value calculated was then divided to average bird FCR for uninfected flocks and 
multiplied by 100 
2NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
 



   

33 
 

 

  

Table LR.6: Effect of C. anatis, turkey coronavirus (TCV), and co-infections on percent 
average flock livability increase for commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Percent Livability Decrease1 

Light Hens      
 C. anatis 3.60 2.14 3.65 1.83 
 TCV 0.77 N/A2 N/A 5.33 
 C. anatis * TCV 6.60 N/A N/A 9.02 

Heavy Hens      
 C. anatis 1.97 1.54 3.68 -1.49 
 TCV 3.90 N/A N/A 4.60 
 C. anatis * TCV 3.03 N/A N/A 10.07 

 
1Decreases were calculated by subtracting average bird weight for uninfected and infected 
flocks; the value calculated was then divided to average bird weight for uninfected flocks and 
multiplied by 100 
2NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.7: Flock sample size for uninfected, Cochlosoma anatis (C. anatis) infected, turkey 
coronavirus (TCV) infected, and co-infected commercial hens. 
 

 Year 

Flock Type Infection 2014 2015 2016 2017 

 Number of Flocks 

Light Hens      
 Uninfected 74 51 50 36 
 C. anatis 9 43 53 3 
 TCV 11 N/A1 N/A 11 
 C. anatis * TCV 13 N/A N/A 32 

Heavy Hens      
 Uninfected 47 57 33 26 
 C. anatis 14 26 38 7 
 TCV 8 N/A N/A 31 
 C. anatis * TCV 19 N/A N/A 38 

 
1NA: no data available due to lack of flocks infected with the corresponding pathogen for the 
associated year  
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Table LR.8: Distribution of organisms Cochlosoma anatis, Tetratrichomonas gallinarum, 
and Emeria spp. in intestinal wet mounts of commercial hens. 
 

Pathogen(s) Present  Number of Samples 

Cochlosoma anatis (C. anatis)  8 (7.77%) 
Tetratrichomonas gallinarum (T. gallinarum)  35 (33.98%) 

Emeria spp.  1 (0.97%) 
C. anatis * T. gallinarum  53 (51.46%) 
C. anatis * Emeria spp.  1 (0.97%) 

C. anatis * T. gallinarum * Emeria spp.  5 (4.85%) 

Total Samples  103 
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Table LR.9: Distribution of commercial hens infected with Cochlosoma anatis (C. anatis) by 
flock age (weeks). 
 

 Year 

Flock Age (wk) 2015 2016 2017 

 Number of Flocks 

1 1 2 0 
2 8 21 11 
3 27 37 19 
4 20 29 16 
5 13 9 11 
6 3 4 0 

Total Flocks 72 103 57 
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Table LR.10: Distribution of commercial hen flocks infected with Cochlosoma anatis (C. 
anatis) by month. 
 

 Year 

Month 2015 2016 2017 

 Number of Flocks 

July 1 4 0 
August 4 17 12 

September 22 22 20 
October 14 13 13 

November 8 17 5 
December 6 5 3 

Total Flocks 55 78 53 
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Figure LR.1: 7-week old male commercial turkey flock in North Carolina infected with 
Cochlosoma anatis (C. anatis). Poor flock uniformity and signs of diarrhea were observed. 
 
 
 
 
      
 
 



   

39 
 

 

  

 
 

 
Figure LR.2: Example of fecal material found from same house as Figure LR-1. Droppings 
were extremely runny, resulting in damp litter. 
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MANUSCRIPT I: Effect of Tetratrichomonas gallinarum on production parameters and 

lesion development in commercial toms 

ABSTRACT 

Tetratrichomonas gallinarum is an intestinal parasite commonly found in the ceca of birds. 

Its pathogenicity has been disputed due to varying reports of clinical signs following infection. 

Research has shown variability in virulence between T. gallinarum isolates, but these results have 

not been consistently reproduced. There is limited research investigating the effects of T. 

gallinarum on growth performance in commercial turkeys. Determining changes in growth 

performance of turkeys due to a T. gallinarum infection would assist in determining whether this 

parasite negatively impacts the poultry industry. An initial bird trial was conducted comparing 

growth and feed conversion of T. gallinarum infected and uninfected commercial toms. Birds were 

placed at 0d and grown until 49d. A single field isolate of T. gallinarum was used to infect birds 

at 19d. At 49d, all birds were necropsied to evaluate for lesion formation. No statistical differences 

in growth performance parameters or lesion formation were noted. A second bird trial was 

conducted to determine the pathogenic variability between two T. gallinarum isolates with an 

additional effect of reduced dietary threonine. Because 30% of the mucin protein is made of 

threonine, decreasing dietary threonine during an enteric infection could cause decreased growth 

performance in infected birds if utilization of threonine in the immune response limits threonine 

available for muscle growth. Growth performance and lesion scores were collected as described 

for trial 1. Birds were placed at 0d and grown until 35d. Infected treatment groups were inoculated 

with their respective T. gallinarum isolate at 8d. There was a significant reduction in body weight 

and body weight gain due to dietary threonine reduction and limited effects of infection on growth 

parameters, with no interaction effect between the two factors. There were minor lesions in the 
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ceca of 2% of the infected birds, but these were not reflected in decreased growth performance. 

Lack of differences between infected birds on normal and low threonine suggest that mucin 

production is not increased during a T. gallinarum infection. The lack of consistent significant 

decreases in growth performance and disease development in birds infected with T. gallinarum 

suggest that the field isolates used in these studies have minimal pathogenicity.  

 

INTRODUCTION 

Tetratrichomonas gallinarum is an intestinal parasite in the Trichomonadidae family. It is 

commonly found in the ceca of infected birds (Amin, 2011; Brugerolle, 2000; McDowell, 1953). 

The host range of this parasite includes avian species such as chickens, turkeys, ducks, geese, 

quail, pheasants, and crows (Friedhoff, 1991; Levine 1985). Although the life cycle has not been 

studied in detailed, it has shown to form a pseudocyst, which has been hypothesized to protect the 

trophozoite from the acidic environment of the intestinal tract after ingestion by the bird (Amin, 

2011; Amin, 2014).  

The variable pathogenicity observed during T. gallinarum infections has caused 

controversy regarding its importance to the poultry industry (Allen, 1941; Burns, 2013; Delappe, 

1957; Goedbloed and Bool, 1962; Liebhart, 2014). There are multiple accounts of no disease 

occurring during infection (Amin, 2011; Delappe, 1957; Kemp and Reid, 1965). When disease 

does occur, common clinical signs associated with enteric pathogens are noted, such as lesions in 

the ceca and liver, enteritis, and increased mortality (Allen, 1941; Crespo, 2001; Landman, 2016; 

Liebhart, 2014). Co-infection with Histomonas meleagridis and Blastocystis sp. have been found 

alongside T. gallinarum during incidences of necrotic enteritis and mortality in infected birds, 

increasing the difficulty in properly assessing the individual virulent potential of T. gallianrum 
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(Liebhart, 2014; Richter, 2010; Tyzzer, 1920). The effect of a T. gallinarum infection on growth 

performance has rarely been researched, with the only record in study being performed by Delappe 

in 1957. During an experimental infection of both chickens and turkeys, no differences in body 

weight over the course of four months between infected and uninfected birds occurred (Delappe, 

1957). Higher body weight coupled with lower feed conversion ratio has been the gold standard 

for poultry rearing in a commercial setting. Even in the absence of clinical signs such as enteritis, 

changes in these production parameters due to T. gallinarum has not been studied.  

Mucin proteins are an integral part of the mucosal layer, forming a defensive matrix 

throughout the intestines against enteric pathogens (Allen, 1972; Hansson, 2010; Lamont, 1992; 

Linden, 2008; Van Klinken, 1995). The mucins themselves are large glycoproteins rich in serine 

and threonine, with 30% of the mucin backbone being made of threonine (Strous, 1992; Van 

Klinken, 1995). A proposed immune function of secretory mucins is the binding of pathogens to 

prevent attachment to epithelial cells. Once bound, the pathogens are removed from the intestines 

by gastric flushing (Skoog, 2012; Skoog 2017). Mice with a mutation causing low production of 

secretory mucin had a higher sensitivity to enteric bacterial infections such as Salmonella enterica 

and Helicobacter pylori in comparison to non-mutated mice (Linden, 2010; Zarepour, 2013). In 

chickens, infections with pathogens known to cause enteric disease such as Eimeria spp. and 

Clostridium perfringens caused an increased expression of secretory mucins (Collier, 2008; 

Forder, 2012).  

As previously described, clinical signs contributed to T. gallinarum has suggested its 

function as an enteric pathogen.  As an enteric pathogen, we hypothesized that a T. gallinarum 

infection in turkeys would cause an increase in mucin production. As such, restricted availability 

of dietary threonine could cause increased negative effects on growth performance in infected birds 
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compared to infected birds provided with recommended threonine levels. The purpose of this study 

was to investigate the effects of T. gallinarum on growth performance and the development of 

lesions and determine the effects of decreased dietary threonine on growth performance and lesion 

development in T. gallinarum infected turkeys.  

 

MATERIALS AND METHODS 

All research was approved by the North Carolina State University Animal Use and Care 

Committee. All male turkeys were obtained from the Butterball hatchery in Goldsboro, NC. 

 

Inoculum preparation   

Previously cryopreserved T. gallinarum isolates (T1 and T2) collected from 2 commercial 

turkey farms located in North Carolina, USA were thawed and passaged into 10 mL of modified 

Dwyer’s media. Cultures were incubated at 42ºC for 24 hours, counted using a hemocytometer, 

and diluted to 200,000 T. gallinarum cells per mL to create the infection inoculum.   

 

Inoculation and Cloacal Sampling  

Birds in infected treatment groups were cloacally inoculated by pipetting 1mL of T. 

gallinarum inoculum (200,000 cells per mL) into the cloaca. Birds were suspended by their legs 

for thirty seconds following administration.  

The presence of T. gallinarum in the turkey was determined by cloacal swabbing.  A sterile 

swab was inserted into the cloaca and circled around for 15seconds to collect a homogenized 

sample. Swabs were placed in 5mL of Dwyer’s media and incubated at 42ºC for 24 hours. Cultures 

were viewed under a light microscope to determine the presence of T. gallinarum. Infection rates 
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for both trials were calculated by taking the number of T. gallinarum positive birds over the total 

number of birds inoculated.  

 

Lesion Scoring 

The ceca and liver were scored for lesions at the termination of both trials. Birds were 

euthanized by through cervical dislocation and necropsied to expose the body cavity. Lesion were 

scored on a 0-4 ordinal scale based on Hu and Mcdougald (2002) with 0 indicating no lesions or 

discoloration whereas a score of 4 indicating multiple lesions throughout the organ.  

 

Bird Trial 1- Effect of single T. gallinarum isolate on growth performance and lesion 

development 

0 day-old male turkeys were individually weighed, neck tagged, and placed in floor pens 

(2.4 m x 1.5 m) with wood shavings. There were 4 replicate pens per treatment (uninfected or T. 

gallinarum infected) and 15 birds per pen. Feed and water were available ad libitum. Feed intake 

(FI) and individual body weights (BW) were tracked weekly to calculate body weight gain (BWG) 

and feed conversion ratio (FCR). All birds in the infected treatment group were cloacally 

inoculated at 19d. At 24d (5d post-inoculation (p.i.)), all birds were cloacally swabbed to determine 

infection rate. At 49d, all remaining birds were euthanized and necropsied for lesion scoring. Birds 

that died throughout the trial were necropsied to assess for lesions or abnormalities.   

 

Bird Trial 2- Effect of decreased dietary threonine and multiple T. gallinarum isolates 

0 day-old male turkeys were individually weighed and placed in floor pens (2.4 m x 1.5 m) 

with wood shavings. Birds received either a normal or low threonine diet (Table 1.1) and placed 
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in either an uninfected, infected isolate 1 (T1), or infected isolate 2 (T2) group, with 8 replicate 

pens per treatment and 20 birds per pen. Four separate room were used, with two replicates per 

treatment groups in each room. From 0d to 35d, feed and water were available ad libitum and 

weekly BWG and FCR data were collected using the same method as in trial 1. T1 and T2 birds 

were cloacally inoculated at 8d and cloacal swabbing of two birds per pen occurred at 14d (6d p.i.) 

and 35d (27d p.i.). At termination (35d), lesion scoring data were collected using the same method 

as in trial 1.  

 

Statistical Analysis 

Growth performance data for both trials were analyzed using the GLM procedure of JMP 

Pro 13. For all tests, statistical significance was defined as p-value ≤	  0.05. For trial 1, statistical 

differences between the uninfected and infected groups were determined using the student’s t-test. 

For trial 2, statistical differences between treatments due to main and interaction effects were 

determined using the factorial analysis of the GLM procedure. Tukey’s HSD was used to further 

differentiate treatment differences.  

 

RESULTS 

Bird Trial 1- Effect of single T. gallinarum isolate on growth performance and lesion 

development 

Lesion and Disease Development 

The infection rate of inoculated birds was 94% (50 out of 53) versus 0% (0 out of 50) for 

control birds. At the termination necropsy (49d), all birds regardless of treatment had lesion scores 

of 0 and lacked any abnormalities in the liver, ceca, or other tissues.  
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Growth Performance 

There were no statistical differences in growth performance between infected and 

uninfected birds for any period between 0 and 49d (Table 1.2). At week 5, the infected group had 

a 5.20% decrease in feed intake compared to the uninfected group. Throughout the trial, infected 

birds consistently had lower BW (average 4.82% decrease), BWG (average 4.84% decrease), and 

FI (average 4.60% decrease) for all periods. There was also increases in FCR for infected birds for 

weeks 1-3 and 7 (average 2.07% increase). 

 

Bird Trial 2- Effect of decreased dietary threonine and multiple T. gallinarum isolates 

Lesion and Disease Development 

At 14d (6d pi), 82% (37 out of 47) of infected birds and 3.1% (1 out of 32) of uninfected 

birds had live T. gallinarum in their cloacal swab cultures. The individual infection rates for field 

isolates were 72% for T1 and 88% for T2 (Table 1.11). At 35d (27d pi), 86% (53 out of 62) of 

inoculated birds and 25% (8 out of 32) of uninfected birds had live T. gallinarum in their swab 

cultures. Out of the 818 birds necropsied at termination (35d), only 12 (1.5%) had lesion scores 

greater than 0; 11 had a cecal lesion score of 1 (1.3%), 1 had a cecal lesion score of 2 (0.12%), and 

1 had a liver lesion score of 1 (0.12%). 

 

Effect of diet on growth performance of uninfected birds  

Data from uninfected birds were separately analyzed to determine the effect of the diet with 

decreased threonine on production parameters (Table 1.3). Birds fed normal threonine had 

significantly higher BW than uninfected birds on low threonine, averaging a 15.4% higher BW 

throughout the trial. For BWG, there was significant differences between normal and low threonine 
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diets for the first three week, with birds fed the normal threonine diet averaging a 21.5% increase. 

Birds on the normal diet consistently had higher FI up to week 4 (average increase of 14.7%), with 

significant differences at weeks 2 and 3. Birds fed normal threonine also had a significantly lower 

FCR at week 1 (decrease of 8.6%).  

 

Effect of T. gallinarum infection on growth performance of birds fed normal threonine  

To determine the effects of T. gallinarum on production parameters in the absence of a 

nutritional stress, data from birds fed the normal threonine diet were separately analyzed (Table 

1.4). There was a significant decrease in BWG of T1-infected birds compared to T2-infected birds 

(9.59% decrease) at week 5, although neither differed from the uninfected birds. FI for T2-infected 

birds was significantly higher than uninfected birds at week 5 (10.07% increase), but did not differ 

from the T1-infected birds. BW, BWG, FI, and FCR did not differ significantly at any of the other 

time periods and unlike the first trial, uninfected birds did not consistently perform better.   

 

Effect of T. gallinarum infection on growth performance of birds fed low threonine  

To determine if nutritional stress caused by a low threonine diet would result in poorer 

performance in turkeys infected with T. gallinarum, data from birds fed the low threonine diet 

were analyzed (Table 1.5). Except for T1-infected birds having decreased BWG (9.79%) at week 

5 compared to T2-infected birds, no significant differences were observed in BW, BWG, FI, and 

FCR. The significant differences observed in FI at week 5 for T2-infected turkeys on the normal 

threonine diet was not observed. 

 

Effect of diet and T. gallinarum infection on growth performance in birds  
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Regardless of infection type, there was a consistent significant effect of diet on growth with 

birds fed the normal threonine diet averaging a 16.3% higher BW and 14.7% higher BWG than 

those fed the low threonine diet (Tables 1.6 and 1.7). Birds fed the normal threonine diet also had 

significantly higher FI for all periods except for week 5 regardless of infection type (average 11% 

increase) (Table 1.8). The FCR was consistently lower for birds fed normal threonine, with 

significant decreases at weeks 1 (8.8%) and 5 (8.4%) (Table 1.9).  

Significant effects of infection type, regardless of diet are presented for BWG in Table 1.7, 

FI in Table 1.8, and FCR in Table 1.9. At week 5, T2-infected birds had a significantly higher 

BWG than T1-infected birds (10.7% increase). At week 3, there was an average 8.6% increase in 

FI for infected birds, regardless of isolate type.; at week 4, T2-infected birds had a 10.24% increase 

in FI compared to uninfected birds. FCR of T1-infected birds at week 5 had a 13.2% increase 

compared to uninfected birds. There were significant main effects of diet in cumulative (0-35d) 

data, with normal threonine diet, regardless of infection, having significant effects on cumulative 

BWG (11.23% increase), FI (5.62% increase), and FCR (5.99% increase) (Table 1.10). The only 

cumulative effect of infection was seen in T1-infected birds having a 35.83% increase in FI 

compared to T2-infected birds. 

 

DISCUSSION 

Bird Trial 1 - The effect of T. gallinarum on growth performance and lesion development 

Though there were low percent differences (<5.0%) in BW and BWG (Table 1.2) between 

T. gallinarum infected and uninfected birds, data from this preliminary trial suggests a negative 

biological effect due to infection. However, the lack of lesions observed during necropsy 

demonstrates that the T. gallinarum isolate used in this study did not cause pathogenic effects in 
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either the liver or ceca. It is possible that the lack of significant differences between infected and 

uninfected birds was not observed due to the low number of treatment replicates. As such, trial 2 

increased the number of treatment replicates and added a nutritional stress in an attempt to enhance 

any negative effects T. gallinarum causes on production parameters.   

 

Bird Trial 2 - The effect of low threonine diet and different isolates of T. gallinarum  

Unlike trial 1, there was not a consistent negative effect on BW or BWG due to infection, 

regardless of T. gallinarum isolate used. While uninfected birds had lower BW and BWG for 

weeks 1-4, they had the most efficient FCR during these time periods (Tables 1.7, 1.8, and 1.9).  

Previous research has demonstrated the parasite’s ability to establish a latent infection that could 

last up to seven months (Amin, 2011; Friedhoff, 1991). Conducting an infection trial that extends 

to 15 weeks, the average age of commercial toms at time of processing, would determine if there 

are long-term effects of a T. gallinarum infection. However, based strictly off comparing data of 

infected and infected birds, there was not a significant effect, statistically or biologically, of T. 

gallinarum on production parameters. 

There were low levels of contamination of T. gallinarum in uninfected birds during 

sampling periods (Table 1.11). However, data analysis was conducted excluding these 

contaminated pens, and no significant differences or changes in trends were noted. Due to infected 

and uninfected pens being intermixed throughout the rooms, the probability of contamination was 

increased. During weigh days, separate teams were each assigned to pens based on infection type 

in an attempt to prevent contamination; a single team handled all uninfected pens and did not come 

in direct contact with infected pens. A possible explanation for the presence of T. gallinarum in 

uninfected birds sampled could be due to birds ingesting fecal material between pens; while a 
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barrier was implemented in the bottom quarter of all pens to prevent transmission, movement of 

fecal material between pens could still occur due to turkeys scratching at the litter. This data 

suggests that bird to bird contact is not needed for transmission of T. gallinarum and the parasite 

can survive the external environment long enough to be infective. 

The only indication of variation in production parameters due to the T. gallinarum isolates 

used was the significant increase in BWG for T2-infected birds compared to T1-infected birds 

(Table 1.7). In terms of lesion formation, 9 of the 12 cecal lesions observed were from T2-infected 

birds; however, the overall low occurrence of lesions observed during termination (1.5%), makes 

conclusions drawn from lesion score data limited in reliability.  

Although decreased dietary threonine caused reductions in growth performance, there was 

not an additive effect of decreased threonine and infection on growth or lesion formation. Secretory 

mucin, which utilizes threonine in its structural backbone, has been demonstrated to be upregulated 

during infection of an enteric pathogen, in order to protect the epithelial lining (Farhadi, 2003 

Ismail, 2005; Turner, 2009). The decrease in dietary threonine coupled with increased mucin 

production was hypothesized to cause infected birds on the low threonine diet to have greater 

production parameter decreases than their counterparts on the normal threonine diet; this is due to 

utilization of nutrients towards an immune response over growth during a pathogenic infection. 

The lack of differences in growth performance between infected birds on the low and normal 

threonine diets, coupled with the low incidence of lesions, suggest that neither of the T. gallinarum 

isolates used in this study act as an enteric pathogen. Therefore, infection with either T. gallinarum 

isolate may not have induced increased mucin production and available threonine could be used 

for growth.  
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Variability in clinical signs caused by T. gallinarum infections has been previously 

demonstrated (Amin, 2011; Amin 2014; Delappe, 1957; Liebhart, 2014). Polymorphisms 

identified in multiple T, gallinarum isolated have been suggested to explain these inconsistencies, 

with different isolates of T. gallinarum possessing varying pathological capabilities (Cepicka, 

2005; Kleina, 2004). Results from this trial demonstrating mild effects of T. gallinarum on 

production parameters alongside literature hypothesizing pathogenic variation within the parasite 

species encouraged for the secondary trial utilizing multiple field isolates of T. gallinarum. 

 

CONCLUSION 

Two separate bird trials were conducted to determine the effects of various T. gallinarum 

isolates on growth production and lesion formation in commercial turkeys. In trial 1, there was a 

consistent trend lower BW and BWG but no formation of lesions or onset of clinical signs in 

infected birds. However, the differences in infected and uninfected birds suggested potential 

pathological abilities of T. gallinarum, and a second bird trial was conducted. During trial 2, trends 

of decreased growth performance in infected birds was not noted; there was also a lack of 

significant differences between the two T. gallinarum isolates used. Reduction of dietary threonine 

in trial 2 did negatively affect BW and BWG in uninfected birds, but there was not an additive 

effect of threonine reduction and T. gallinarum infection on production parameters or lesion 

formation. The lack of consistent decreases in production parameters, formation of severe lesions, 

or outward signs of disease in birds infected with T. gallinarum demonstrate that the three field 

isolates used in this study are not pathogenic.  
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Table 1.1. Trial 2: Feed formulation of normal and low threonine diets. 
 

Ingredients Normal 
Threonine 

Low 
Threonine 

Corn NCSU 50.22 51.10 

Soybean Meal NCSU 24.89 24.03 

Defatted Peanut Meal 10.00 10.00 

Poultry Fat 4.74 4.30 

Poultry Meal NCSU 3.60 4.55 
Mono-Dicalcium 

Phosphorous 2.69 2.59 

Limestone 37 1.61 1.56 

L-Lysine (80%) 0.70 0.68 

DL-Methionine (98%) 0.43 0.42 

L-Threonine (98%) 0.34 0.00 
Vitamin-Mineral 

Premix 0.35 0.35 

Salt 0.23 0.22 

Sodium Bicarbonate 0.10 0.10 
Choline Chloride 

(60%) 0.10 0.10 

Total % 100.00 100.00 
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Table 1.2. Trial 1: Comparison of mean body weight (BW), body weight gain (BWG), feed 
intake (FI), and feed conversion ratio (FCR) between infected and uninfected birds. 
  

  Age (wks) 

Treatment 
Group  0-7 7-14 14-21 21-28 28-35 35-42 

  Body Weight (kg) 

Uninfected  0.145 0.268 0.477 0.790 1.228 1.743 
Infected  0.138 0.250 0.455 0.749 1.181 1.693 

 p-
value 0.140 0.080 0.200 0.086 0.169 0.295 

 SEM1 0.002 0.005 0.009 0.012 0.017 0.024 

  Body Weight Gain (kg) 

Uninfected  0.086 0.126 0.210 0.307 0.439 0.516 
Infected  0.080 0.117 0.199 0.295 0.432 0.516 

 p-
value 0.204 0.263 0.074 0.197 0.618 0.994 

 SEM 0.002 0.004 0.003 0.005 0.006 0.017 

  Feed Intake (kg) 

Uninfected  0.124 0.238 0.360 0.523 0.724 0.916 
Infected  0.118 0.224 0.352 0.500 0.686 0.893 

 p-
value 0.501 0.062 0.664 0.120 0.052 0.405 

 SEM 0.004 0.004 0.009 0.007 0.010 0.012 

  Feed Conversion Ratio 

Uninfected  1.441 1.896 1.718 1.701 1.652 1.782 
Infected  1.476 1.919 1.777 1.698 1.589 1.741 

 p-
value 0.754 0.776 0.514 0.900 0.066 0.656 

 SEM 0.049 0.034 0.040 0.009 0.018 0.040 
        

  
1Standard error of the mean (total pens=8) 
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Table 1.3 Trial 2: Comparison of mean body weight (BW), body weight gain (BWG), feed 
intake (FI), and feed conversion ratio (FCR) of uninfected birds as affected by diet. 
 

    Age (wks)   

Diet  0-7 7-14 14-21 21-28 28-35 

   Body Weight (kg)  
Normal  0.159A 0.313A 0.544A 0.880A 1.329A 

Low  0.144B 0.257B 0.437B 0.726B 1.166B 
 p-value 0.014 0.001 0.002 0.008 0.037 

 SEM1 0.003 0.010 0.020 0.032 0.011 

   Body Weight Gain (kg)  
Normal  0.100A 0.154A 0.231A 0.336 0.449 

Low  0.084B 0.114B 0.179B 0.289 0.440 
 p-value 0.009 0.010 0.015 0.145 0.765 
 SEM 0.003 0.009 0.012 0.016 0.013 
   Feed Intake (kg)  

Normal  0.125 0.247A 0.388A 0.545 0.725 
Low  0.115 0.205B 0.310B 0.471 0.744 

 p-value 0.067 0.010 0.001 0.055 0.649 
 SEM 0.003 0.009 0.014 0.020 0.021 
   Feed Conversion Ratio  

Normal  1.258A 1.619 1.706 1.635 1.616 
Low  1.377B 1.815 1.733 1.651 1.703 

 p-value 0.015 0.058 0.817 0.886 0.362 
 SEM 0.026 0.053 0.054 0.052 0.045 
       

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.4. Trial 2: Comparison of mean body weight (BW), body weight gain (BWG), feed 
intake (FI), and feed conversion ratio (FCR) of infected and uninfected birds fed the normal 
threonine diet. 
 

    Age (wks)   
Infection 
Group  0-7 7-14 14-21 21-28 28-35 

   Body Weight (kg)  
Control  0.159 0.313 0.544 0.880 1.329 

T1  0.160 0.323 0.551 0.884 1.308 
T2  0.160 0.310 0.543 0.890 1.359 

 p-value 0.981 0.710 0.957 0.953 0.307 

 SEM1 0.002 0.006 0.011 0.012 0.014 

   Body Weight Gain (kg)  

Control  0.100 0.154 0.231 0.336 0.449AB 
T1  0.100 0.163 0.228 0.333 0.424B 
T2  0.099 0.151 0.233 0.347 0.469A 

 p-value 0.990 0.691 0.956 0.696 0.035 

 SEM 0.002 0.006 0.007 0.007 0.008 

   Feed Intake (kg)  
Control  0.125 0.247 0.388 0.545 0.725B 

T1  0.130 0.268 0.407 0.555 0.736AB 
T2  0.124 0.265 0.399 0.564 0.798A 

 p-value 0.440 0.427 0.645 0.704 0.025 

 SEM 0.002 0.007 0.008 0.009 0.013 

   Feed Conversion Ratio  
Control  1.258 1.619 1.706 1.635 1.616 

T1  1.300 1.652 1.813 1.667 1.745 
T2  1.255 1.823 1.715 1.632 1.706 

 p-value 0.605 0.446 0.590 0.909 0.178 

 SEM 0.019 0.071 0.044 0.034 0.027 
       

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.5. Trial 2: Comparison of mean body weight (BW), body weight gain (BWG), feed 
intake (FI), and feed conversion ratio (FCR) between infected and uninfected birds fed the 
low threonine diet. 
  

    Age (wks)   
Infection 
Group  0-7 7-14 14-21 21-28 28-35 

   Body Weight (kg)  

Control  0.144 0.257 0.437 0.726 1.166 
T1  0.147 0.275 0.484 0.795 1.181 
T2  0.146 0.264 0.467 0.795 1.224 

 p-value 0.825 0.242 0.205 0.349 0.691 
 SEM1 0.002 0.004 0.010 0.021 0.028 

   Body Weight Gain (kg)  

Control  0.084 0.114 0.179 0.289 0.440 
T1  0.087 0.129 0.209 0.310 0.387 
T2  0.085 0.119 0.203 0.328 0.429 

 p-value 0.780 0.371 0.219 0.468 0.175 
 SEM 0.002 0.004 0.007 0.013 0.012 

   Feed Intake (kg)  
Control  0.115 0.205 0.310B 0.471 0.744 

T1  0.120 0.230 0.357A 0.527 0.772 
T2  0.121 0.220 0.366A 0.557 0.769 

 p-value 0.605 0.232 0.009 0.052 0.850 
 SEM 0.002 0.006 0.009 0.015 0.020 

   Feed Conversion Ratio  
Control  1.377 1.815 1.733 1.651 1.703 

T1  1.375 1.790 1.721 1.712 2.006 
T2  1.430 1.900 1.837 1.723 1.800 

 p-value 0.344 0.714 0.433 0.717 0.064 
 SEM 0.018 0.057 0.041 0.036 0.053 
       

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.6. Trial 2: Comparison of mean body weight (BW) as affected by diet, infection type, 
and their interaction. 
  

	       
Age 

(days)   

Diet Infection  7 14 21 28 35 
   Body Weight (kg) 

Normal   0.160A 0.316A 0.546A 0.885A 1.332A 
Low   0.145B 0.266B 0.463B 0.772B 1.190B 

  p-value <.0001 <.0001 <.0001 <.0001 0.0001 
        
 Uninfected  0.151 0.285 0.491 0.803 1.247 
 T1-infected  0.153 0.299 0.518 0.840 1.245 
 T2-infected  0.153 0.287 0.505 0.842 1.291 
  p-value 0.862 0.312 0.386 0.380 0.393 
        

Normal Uninfected  0.159 0.313 0.544 0.880 1.329 
Normal Infected T1  0.160 0.323 0.551 0.884 1.308 
Normal Infected T2  0.160 0.310 0.543 0.890 1.359 

Low Uninfected  0.144 0.257 0.437 0.726 1.166 
Low Infected T1  0.147 0.275 0.484 0.795 1.181 
Low Infected T2  0.146 0.264 0.467 0.795 1.224 

  p-value 0.969 0.873 0.544 0.527 0.899 
  SEM1 0.002 0.005 0.010 0.015 0.019 

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.7. Trial 2: Comparison of mean body weight gain (BWG) as affected by diet, 
infection type, and their interaction. 
  

	       
Age 

(wks)   

Diet Infection  0-7 7-14 14-21 21-28 28-35 

    Body Weight Gain (kg)  
Normal   0.100A 0.156A 0.231A 0.339A 0.447A 

Low   0.085B 0.120B 0.197B 0.309B 0.419B 
  p-value <.0001 <.0001 0.002 0.050 0.038 
        
 Uninfected  0.092 0.134 0.205 0.312 0.445AB 
 Infected T1  0.094 0.146 0.218 0.322 0.405B 
 Infected T2  0.092 0.135 0.218 0.337 0.449A 
  p-value 0.868 0.360 0.509 0.363 0.020 

Normal Uninfected  0.100 0.154 0.231 0.336 0.449 
Normal Infected T1  0.100 0.163 0.228 0.333 0.424 
Normal Infected T2  0.099 0.151 0.233 0.347 0.469 

Low Uninfected  0.084 0.114 0.179 0.289 0.440 
Low Infected T1  0.087 0.129 0.209 0.310 0.387 
Low Infected T2  0.085 0.119 0.203 0.328 0.429 

  p-value 0.926 0.894 0.418 0.706 0.577 
  SEM1 0.002 0.005 0.005 0.007 0.007 

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.8. Trial 2: Comparison of mean feed intake of treatment groups as affected by diet, 
infection type, and their interaction. 
  

	       
Age 

(wks)   

Diet Infection  0-7 7-14 14-21 21-28 28-35 

   Feed Intake (kg) 
Normal   0.124A 0.260A 0.398A 0.544A 0.753A 

Low   0.119B 0.218B 0.344B 0.518B 0.763B 
  p-value 0.017 <.0001 <.0001 0.0348 0.711 
        
 Uninfected  0.120 0.226 0.349B 0.508B 0.735 
 Infected T1  0.125 0.249 0.382A 0.541AB 0.754 
 Infected T2  0.123 0.425 0.382A 0.560A 0.784 
  p-value 0.563 0.116 0.022 0.041 0.229 

Normal Uninfected  0.125 0.247 0.388 0.545 0.725 
Normal Infected T1  0.130 0.268 0.407 0.555 0.736 
Normal Infected T2  0.124 0.265 0.399 0.564 0.798 

Low Uninfected  0.115 0.205 0.310 0.471 0.744 
Low Infected T1  0.120 0.230 0.357 0.527 0.772 
Low Infected T2  0.121 0.220 0.366 0.557 0.769 

  p-value 0.506 0.942 0.213 0.253 0.492 
  SEM1 0.002 0.005 0.006 0.009 0.011 

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
  



   

68 
 

  

Table 1.9. Trial 2: Comparison of mean feed conversion ratio (FCR) as affected by diet, 
infection type, and their interaction. 
 

	       
Age 

(wks)   

Diet Infection  0-7 7-14 14-21 21-28 28-35 

    Feed Conversion Ratio  
Normal   1.271B 1.698 1.745 1.645 1.689B 

Low   1.394A 1.835 1.764 1.695 1.836A 
  p-value <.0001 0.153 0.754 0.343 0.011 
        
 Uninfected  1.318 1.717 1.719 1.643 1.659B 
 Infected T1  1.338 1.721 1.767 1.690 1.878A 
 Infected T2  1.342 1.862 1.776 1.678 1.753AB 
  p-value 0.728 0.331 0.724 0.767 0.014 

Normal Uninfected  1.258 1.619 1.706 1.635 1.616 
Normal Infected T1  1.300 1.652 1.813 1.667 1.745 
Normal Infected T2  1.255 1.823 1.715 1.632 1.706 

Low Uninfected  1.377 1.815 1.733 1.651 1.703 
Low Infected T1  1.375 1.790 1.721 1.712 2.006 
Low Infected T2  1.430 1.900 1.837 1.723 1.800 

  p-value 0.296 0.868 0.355 0.834 0.363 
  SEM1 0.017 0.043 0.255 0.033 0.035 

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.10. Trial 2: Comparison of cumulative body weight gain (BWG), feed intake (FI), 
and feed conversion ratio (FCR) as affected by diet, infection type, and their interaction. 
  

	     0-35 

Diet Infection  BWG FI FCR 

   Cumulative Growth Parameters 
Normal   1.273A 2.079A 1.632B 

Low   1.130B 1.962B 1.736A 
  p-value <.0001 0.009 0.004 
      
 Uninfected  1.188 1.968AB 1.656 
 Infected T1  1.185 2.051A 1.730 
 Infected T2  1.231 1.510B 1.227 
  p-value 0.413 0.029 0.058 

Normal Uninfected  1.270 2.029 1.597 
Normal Infected T1  1.248 2.095 1.679 
Normal Infected T2  1.299 2.150 1.656 

Low Uninfected  1.106 1.845 1.668 
Low Infected T1  1.122 2.006 1.725 
Low Infected T2  1.163 2.033 1.749 

  p-value 0.896 0.721 0.909 
  SEM1 0.019 0.026 0.019 

  
1Standard error of the mean (total pens=48) 
A-B Significant difference between means (p-value < .05) 
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Table 1.11. Trial 2: Percentages of cloacal swabs microscopically positive for 
Tetratrichomonas gallinarum (T. gallinarum) taken 6 and 27d post-inoculation 
  

  Age  

Treatment Group  14 35 

Control  1/32 (3%) 8/32 (25%) 
Infected  37/47 (82%) 53/62 (86%) 
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MANUSCRIPT II: Establishment of an in vivo infection model to identify risk factors 

associated with a Cochlosoma anatis infection 

ABSTRACT 

Cochlosoma anatis (C. anatis) was first discovered by Kotlán in the intestines of domestic 

ducks. Since its initial discovery, the pathogenicity of this parasite has been largely disputed. 

Reports of disease range from enteritis and high mortality to no observed clinical signs. The 

common occurrence of other pathogens alongside C. anatis has further complicated characterizing 

its individuals effect on the bird. Attempts to control outbreaks of increased prevalence in 

commercial flocks within the last five years has emphasized the limited amount of research on this 

parasite. In the first step of this multi-part study, a C. anatis infection model was established, 

including testing the ability to store C. anatis in liquid nitrogen and developing a counting 

methodology. Utilizing the infection model, two studies were conducted to determine the effect of 

C. anatis on body weight for female and male turkeys (Experiment 4) and determine the effect of 

C. anatis and T. gallinarum co-infection on female and male turkeys (Experiment 5). In 

Experiment 4, there was a consistent significant effect of sex, infection, and the combination of 

the two on body weight. In Experiment 5, there were significant effects of infection and the 

combination of sex on body weight, with no significant differences of co-infection when compared 

to an isolated C. anatis infection. The experimental model provided an efficient methodology for 

downstream infection experiments and can be used for further research with C. anatis. Though 

literature shows variability in the pathogenic potential of C. anatis, the results from the two studies 

demonstrated consistent decreased growth in infected birds due to C. anatis. This suggests that the 

isolate of C. anatis used in these studies could be detrimental to commercial flocks.  
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INTRODUCTION 

C. anatis is an intestinal parasite first described by Kotlán in domestic ducks (Travis, 1938). 

The host range of C. anatis includes turkeys, chickens, quail, mallards, coots, bats, and shrews 

(Bollinger, 1996; Cooper, 1996; Lindsay, 1999; Watkins, 1989). C. anatis is usually described as 

being ovular shaped with six flagella and characteristic adhesive disc (Travis, 1938; Pecka, 1996). 

The disc was originally thought to be morphologically similar to Giardia while other physical 

attributes were more similar to Trichomonas (Bollinger, 1996; Hampl, 2006; Pecka, 1996). 

However, a detailed morphological study of C. anatis demonstrated higher homology to 

Trichomonas, classifying the parasite under the Trichomonadida order (Pecka, 1996). 

The adhesive disc, a characteristic morphological structure, has been suggested to 

contribute to the pathogenic life cycle of C. anatis (Bermudez, 2008). It was hypothesized that 

attachment by the disc damages the microvilli, preventing proper nutrient absorption by the 

epithelial cells (Cooper, 1995). A second characteristic of C. anatis suggested to be important to 

its disease cycle is the ability to form a pseudocyst. This pseudocyst is theorized to protect the 

trophozoite from the acidic environment of the intestinal tract after the parasite is ingested from 

fecal material (Evans, 2006; Lindsay, 1999).  

Much like the adhesive disc and pseudocyst stage, disease caused by this parasite has been 

hypothesized, but not properly characterized. Clinical signs reportedly due to a to C. anatis 

infection include poor weight gain, enteritis, loss of appetite, and mortality (Campbell, 1945; 

Cooper, 1995; Travis 1938). Alternatively, there are multiple reports of infections where no 

clinical signs are observed (Bermudez, 2008; Bollinger, 1996; Lindsay, 1999). The presence of 

other pathogens alongside C. anatis has also caused difficulty identifying the individual effects of 

C. anatis. Pathogens such as Salmonella, Campylobacter, Spironucleus, and Coronavirus-like 
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particles were noted in infected poults with enteritis (Cooper, 1995). Salmonella heidelberg was 

detected in birds experimentally infected with C. anatis (Boucher, 2001).  

Research on C. anatis to learn more about its pathogenicity can be difficult due to the 

inability to culture the parasite in media (Boucher, 2001; Lindsay, 1999). In order to study the 

effects of C. anatis in vivo, infected birds must be maintained to serve as a C. anatis host. 

Development of a methodology to do continuous experimental infections with C. anatis could 

provide information on the parasite’s virulent nature in an efficient manner. The purpose of this 

study was to establish such a model by developing techniques to consistently sample, store, and 

count C. anatis from infected birds to use for downstream experiments. A small epidemiological 

trial was performed using the created model to determine the effects of sex and co-infection on the 

magnitude of disease. 

 

MATERIALS AND METHODS 

All research was approved by the North Carolina State University Animal Use and Care 

Committee. All turkeys were obtained from the Butterball hatchery in Goldsboro, NC. 

 

Housing & Bird Management 

All turkeys used in studies were housed in isolator cages (2ft x 3ft floor space). Birds were 

fed the same turkey starter diet for all experiments, with feed and water provided ad libitum.  

 

Experiment 1: Establishing a C. anatis sampling and infection protocols 

Seven, 4-week old naturally infected turkey hens from commercial flocks were housed in 

a single isolator cage; three of the hens were euthanized 2d post-placement through cervical 
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dislocation. Birds were necropsied to expose the intestinal tract and the Meckel’s diverticulum 

(MD) was identified. A cut was made at the MD to separate the ileum from the jejunum and 

intestinal contents were removed from the ileum. A 3inch incision was made from the MD towards 

the cecal junction (ileum proximal) to expose the interior of the ileum. An intestinal scraping was 

made of the interior of the 3inch section using a spatula. The scraping was mixed with 10mL of 

PBS maintained at 42˚C and shaken vigorously five times. The mixture was loaded onto a 

hemocytometer for identification of viable trophozoites through light microscopy. Trophozoites 

observed were identified as C. anatis if their morphology and movement were consistent with 

descriptions of C. anatis as described in literature (Travis, 1938).  

Using the scraping-PBS mixture as an inoculum, C. anatis-free poults were inoculated to 

establish a method for infection. Ten, 0d uninfected commercial hens were housed in a single 

isolator cage and inoculated at 7d. 1mL of the inoculum was administered to each bird through 

oral gavage, maintaining the inoculum at 42˚C in-between administrating to birds. 4d post-

infection (p.i.), all inoculated birds were sampled as described above and the scraping-PBS mixture 

was viewed under the microscope to identify viable C. anatis. The inoculation method was 

considered successful if there were viable trophozoites upon microscopic evaluation. 

 

Experiment 2: Establishing a C. anatis storage protocol 

Scraping-PBS mixtures collected from the experimentally inoculated hens 4d p.i. were 

used to establish a storage protocol. 1mL of the mixture was dispensed into cryogenic vials, with 

a total of 10 aliquots made. 50µL of DMSO was slowly added to each tube and placed into a Mr. 

Frosty (Thermo-Scientific). Samples were stored at -80˚C for 24hours before being moved into 

liquid nitrogen. Three weeks post-freezing, one sample was thawed in a 42˚C water bath. The 
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samples were diluted into 10mL of PBS, maintained at 42˚C, and was orally inoculated into four, 

uninfected 7d turkey hens (1mL/bird).  Birds were sampled at 11d (3d p.i.) for the presence of 

viable C. anatis through microscopy. 

 

Experiment 3: Establishing a C. anatis counting protocol 

In order to quantify trophozoites within a sample and calculate inoculum concentration for 

downstream infections, a counting method was developed. 20d post-freezing, four of the C. anatis 

aliquots stored from Experiment 2 were thawed in a 42˚C water bath. Individual samples were 

orally administered to four, 4d male poults (1mL/bird); all poults were sampled for C. anatis at 7d 

(3d p.i.). For each scraping-PBS mixture, 20µl was loaded onto a hemocytometer and immediately 

counted for viable C. anatis. Due to the high density of C. anatis within the samples (Figure 2.1), 

a single square was counted; the count was then multiplied by 16 and cells per mL was determined 

by multiplying the product by 10,000. 

 

Experiment 4: Effect of C. anatis on growth in female and male commercial turkeys 

Upon establishing the infection model and storage protocol, a bird trial was conducted to 

determine the effect of sex on growth and severity of disease during a C. anatis infection. 0d female 

and male turkeys were obtained from the Butterball hatchery in Goldsboro, NC. Birds were placed 

in either an uninfected or infected group with 10 females and 10 males in each group, housed in 

the same cage; birds were wing-tagged to differentiate between the sexes. Birds in the infected 

group were orally inoculated with a C. anatis inoculum, as described in the infection model, at 7d; 

the source of C. anatis used was from the remaining four commercial hens from Experiment 1. All 

birds were individually weighed on a weekly basis from 14 to 28d. 2 birds per cage were sampled 
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for C. anatis, 1 female and 1 male, at 14 (7d p.i.) and 21d (14d p.i.); all remaining birds were 

sampled at 28d (21d p.i.) for C. anatis. The counting protocol was not established at the time of 

this study, so microscopic evaluations of intestinal scrapings were not quantified.  

 

Experiment 5: Effect of C. anatis*T. gallinarum co-infection on growth in commercial 

turkeys 

A secondary trial was conducted to further investigate the effect of sex on growth and 

disease severity, with the added variable of co-infection with Tetratrichomonas gallinarum, 

another intestinal parasite with dubious pathogenicity. 0d female and male poults were obtained 

from the Goldsboro Butterball hatchery. Birds were placed in either an uninfected, C. anatis 

infected (C), or C. anatis*T. gallinarum co-infected (CT) treatment group with 2 replicate cages, 

1 female cage and 1 male cage, and 10 birds per cage. Both C and CT-infected treatments were 

inoculated at 7d. 1mL of C. anatis inoculum (1,000,000 cells/mL) was orally gavaged to all birds 

in the C and CT-infected groups; C. anatis samples collected during Experiment 3 were used for 

the inoculum, diluting samples with PBS for a final concentration of 1,000,000 cells/mL. CT-

infected birds were cloacally inoculated with 1mL of T. gallinarum inoculum (200,000 cells/mL); 

the inoculum was made from previous T. gallinarum culture stored in liquid nitrogen. All birds 

were individually weighed on a weekly basis from 7 to 28d. At 28d (21d p.i.), five birds per cage 

were sampled for both C. anatis and T. gallinarum. Samples for both protozoa were quantified 

using the appropriate counting method.  
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Experiment 5: T. gallinarum sampling and counting protocols  

In order to sample for T. gallinarum in trial 2, birds were euthanized through cervical 

dislocation and necropsied to expose the ceca. A single cecum was selected for sampling, 

removing the top .5in portion of the cecal tip; the intestinal contents of the section was placed in a 

microcentrifuge tube containing 1mL of room-temperature PBS and vortexed for three seconds. 

20µl of the mixture was loaded on a hemocytometer and observed for viable T. gallinarum; 

quantification of trophozoites was through counting all 64 squares, calculating the average, and 

determining cells/mL by multiplying the average by 10,000. 

 

Statistical Analysis 

BW data for both trials were analyzed using the GLM procedure of JMP Pro 14. 

Differences in mean BW for due to main and interaction effects were separated using the two-way 

(trial 2) ANOVA procedures. Statistical differences between treatment means were separated 

using Tukey’s HSD. The Dunnett’s test was used for comparison of infected means to uninfected 

controls, separated by sex. For all tests, statistical significance was defined as p-value <.05.  

 

RESULTS 

Experiments 1-3: Establishment of a C. anatis infection model 

100% of intestinal scraping samples from the female poults experimentally inoculated in 

Experiment 1 had viable C. anatis upon microscopic evaluation. All hens (4 of 4) inoculated using 

C. anatis stored in liquid nitrogen (Experiment 2) had viable C. anatis upon microscopic 

evaluation. Similarly, all downstream experiments (Experiments 3-5) successfully established C. 
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anatis infections in orally inoculated birds (Table 2.1). The average concentration determined 

during Experiment 3 for the four C. anatis samples was 3,160,000 cells/mL (Table 2.2).  

 

Experiment 4: Effect of C. anatis on growth in female and male commercial turkeys 

There were consistent individual effects of sex and infection on BW for all three weigh 

periods (Table 2.3). Males were consistently higher in BW compared to females, as was expected 

(average 28.46% increase). Infected birds were consistently lower in BW compared to uninfected 

(average 26.80% decrease), regardless of bird sex. Infected females were significantly lower in 

BW compared to all other treatment for 14 and 21d (10.74% and 16.60% decrease, respectively); 

infected females were still lower in BW (25.87% decrease) at 28d, though this difference was not 

significant. Analysis of data using the Dunnett’s test demonstrated earlier onset of significant 

difference due to infection in females compared to males (Table 2.4); infected females had 

significant lower BW, starting at 14d (average 38.90% decrease) compared to uninfected females, 

while infected males had significant decrease in BW at 28d (average 17.56% decrease) compared 

to uninfected males. 

 

Experiment 5: Effect of C. anatis*T. gallinarum co-infection on growth in commercial 

turkeys 

All C and CT-infected birds sampled at 28d had viable C. anatis in intestinal scraping 

samples; however, only one cecal sample the CT-infected birds had T. gallinarum (Table 2.7).  

There were significant individual effects of sex and infection on BW (Table 2.5). Unlike 

Experiment 4, there was not a consistent significant effect of sex on BW; significant effects were 

only seen at 7 and 21d. However, there was a consistent trend of females maintaining a lower BW 
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than males (average 6.58% decrease) throughout the trial. Birds in both C and CT-infected groups 

had significantly lower BW compared to uninfected birds (average 21.36% decrease) for 14-28d. 

At 7d, there was an effect of treatment (sex*infection), with the female CT-infected birds having 

a significantly lower BW than male CT-infected birds. At 28d, uninfected female birds had 

significantly higher BW compared to all infected birds, regardless of sex; also at 28d, uninfected 

males had significantly higher BW compared to CT-infected females (33.86% increase). While 

the factorial analysis of the treatment groups did not identify significant differences for 14 or 21d, 

analysis using the Dunnett’s test observed significant differences in both females and males (Table 

2.6). Both C and CT-infected females had significantly lower BW compared to uninfected females 

at 14-28d (average decrease of 17.16% and 26.47%, respectively). C and CT-infected males also 

had significantly lower BW compared to uninfected males at 21d (16.95% and 15.79% decrease, 

respectively; CT-infected males were significantly lower in BW than uninfected males at 28d 

(13.97% decrease). 

 

DISCUSSION 

Experiment 1: Establishing a C. anatis sampling and infection protocols 

While previous experimental infections have demonstrated the ability to successfully infect 

birds with C. anatis through oral inoculation, details on the sampling process and inoculum 

creation were not described (Bollinger, 1996; Boucher, 2001; Lindsay, 1999). In order to ensure 

consistency, development of a detailed infection model is crucial to compare results between C. 

anatis experimental infections. The repeated 100% infections rates of C. anatis infections for 

Experiments 1-5 (Table 2.1) demonstrate the effectiveness of the infection model established in 

Experiment 1. Establishment of C. anatis infection in poults as young as 4d (Experiment 3) 
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demonstrate the ability for commercial turkeys to become infected during the brooder stage (0-

28d) of production. While ability to experimentally infect birds was of the upmost importance, 

developing efficient methodologies for storing and counting C. anatis samples were also critical 

for the development of this infection model. 

 

Experiment 2: Establishing a C. anatis storage protocol 

Inability to successfully culture C. anatis presents an issue in maintaining the parasite 

outside of a host (Bermudez, 2008; Lindsay, 1999). However, creating a method to store C. anatis 

long-term would assist in alleviating this issue. 100% infections rates of C. anatis infections in 

Experiments 2 (Table 2.1) demonstrate that the storage methodology used successfully maintains 

viable C. anatis up to 3 weeks. Before thawed C. anatis samples were administered to turkeys, 

they were observed through light microscopy for viable C. anatis. While not quantified, there was 

a noticeable decrease in parasitic load of thawed samples compared to pre-storage, suggesting 

modifications to the protocol would better maintain cell viability during the freezing process. 

Future research investing the effects of varying levels of DMSO used or substitution of PBS with 

other buffer solutions would assist in adjustments to the protocol. Development of a culture media 

suitable for C. anatis would allow for cultivation of thawed samples; this would allow for a single 

thawed sample to be used to infect multiple birds after incubation in media, saving the amount of 

samples needed during an experimental infection. 

 

Experiment 3: Establishing a C. anatis counting protocol 

The protocol used to for counting resulted in relative consistency of C. anatis counts 

between samples (Table 2.2). An initial counting protocol was performed, using the same method 
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as T. gallinarum counts. However, two issues arose when counting all 64 squares of the 

hemocytometer: a.) the high density of C. anatis in samples, coupled with the active movement of 

the parasites, made it very difficult to distinguish cells that had already been counted to those that 

had not b.) due to the extreme sensitivity of C. anatis to the external environment, parasites began 

to slow in movement, indicating cell death. Because of these issues, modifications to counting 

were made, as described in the materials and methods. While counting of a single square was 

beneficial during Experiments 3 and 5, where parasitic load was high, reverting back to the initial 

counting protocol may be required when parasitic density is low. Cooper (1995) reported the 

highest abundance of C. anatis in the duodenum and jejunum (exact cell count not described); 

however, Bollinger (1996) observed highest parasitic load in the distal jejunum of Muscovy 

ducklings (9,000,000 cells/cm of scraping).  Future experiments quantifying C. anatis samples 

from other sections of the small and large intestines would allow for comparison of parasitic load 

and identification of the preferred infection site of C. anatis.  

 

Experiments 4 & 5: Effects of C. anatis on growth in commercial turkeys 

The results from Experiments 4 and 5 demonstrated decreased BW in birds infected with 

C. anatis compared to uninfected birds (Tables 2.3 and 2.5). While there have been disputes of the 

pathogenicity of C. anatis in turkeys, the repeated repressed growth noted during Experiments 4 

and 5 confirm that C. anatis causes negative effects of growth in both female and male turkeys 

(Bermudez, 2008). There was also a quicker onset of runting in infected females following 

inoculation than infected males observed in both experiments (Tables 2.4 and 2.6). The results 

from both experiments suggest a sex-related immune response to C. anatis, however, there is no 

published data on the role of sex as a predisposing factor to a C. anatis infection. The creation of 
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the infection model provides a foundation to further investigate differences between female and 

male turkeys during infection with this organism. As the C. anatis inoculum used in Experiments 

4 & 5 were not tested for the presence of other microorganisms and viruses, differences between 

infected and uninfected birds may not be due to C. anatis alone.  

C. anatis infected females in Experiment 4 had a 21.74% higher decrease compared to C-

infected birds in Experiment 5; the higher depression of growth could be due to females and males 

being housed in the same cage during Experiment 4. As female growth became significantly 

stunted two weeks earlier than males (Table 2.4), further runted growth may have been caused 

been caused by males preventing females from reaching feed or water. As such, cages in 

Experiment 5 were single-sex to prevent BW decreased to be due to this behavior. 

While CT-infected females had a greater decrease in BW than C-infected birds, this was 

not observed in the males. With only 1 bird sampled at 28d having T. gallinarum in the ceca, it is 

likely that a T. gallinarum infection was not successfully established. However, the inoculum was 

observed through microscopy post-inoculation of all birds and viable T. gallinarum were seen; 

therefore, the reason for T. gallinarum to not be present in the majority of samples collected at 28d 

is unknown. Due to the lack of T. gallinarum noted in intestinal samples at 28d, conclusions drawn 

regarding the effects of a C. anatis and T. gallinarum co-infection are questionable. Interestingly, 

C. anatis was observed in a three of the samples collected from the ceca (Table 2.7). Literature has 

described C. anatis in the cecum of ducks, but the small intestines has been noted to be the 

preferred site of C. anatis in turkeys (Bollinger, 1996; Campbell, 1995; Cooper, 1995; Pecka, 

1991; Travis, 1938). Further research investigating the localization of C. anatis in the intestinal 

tract of turkeys would assist in detailing the pathogenic life cycle of this parasite.  
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CONCLUSION 

The purpose of this study was to create an infection model that could be used to study the 

pathogenicity of C. anatis. Repeated successful infections in Experiments 1-5 verify that the 

infection model created can be used for research investigating the pathogenicity of C. anatis. The 

storage protocol described in Experiment 2 creates a source of C. anatis that can be used for future 

infections, without needing to maintain the parasite in live birds. The counting protocol created in 

Experiment 3 allows for consistent relative quantification of C. anatis, which can be useful when 

comparing efficacy of treatment methods. Experiments 4 and 5 demonstrated consistent negative 

growth effects in both female and male turkeys due to C. anatis infection; however, results due to 

co-infection with T. gallinarum during Experiment 5 are unreliable due to T. gallinarum not being 

observed in cecal samples. Data from Experiments 4 and 5 also indicate a higher susceptibility of 

females to a C. anatis infection. With the limited amount of research on this parasite, the infection 

model created in this study can be used to expand the knowledge on C. anatis to determine the 

impact it can have on the industry as a pathogen.  
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Figure 2.1 Cochlosoma anatis (C. anatis) intestinal scraping sample loaded onto a 
hemocytometer viewed at 40X through light microscopy. White circles enclose C. anatis 
trophozoites. 
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Table 2.1. Experiments 1-5: Ratio of intestinal scraping microscopically positive for 
Cochlosoma anatis (C. anatis) to total scrapings taken. 
 

Experiment  # birds with C. anatis / # of birds inoculated 

1  10 / 10 

2  4 / 4 

3  4 / 4  

4  20 / 20 

5  20 / 20 
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Table 2.2. Experiment 3: Cochlosoma anatis (C. anatis) concentrations (cells/mL) calculated 
from established counting protocol. 
 

Sample  C. anatis counts (cells/mL) 

1  2.40 million 

2  3.84 million 

3  3.16 million 

4  3.24 million 

Average cells/mL  3.16 million 
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Table 2.3. Experiment 4: Comparison of mean body weight (BW) as affected by sex, 
infection, and their interactions. 
 

   Age (days) 

Sex Infection  14 21 28 

   Body Weight (kg) 

Female   0.1923B 0.3071B 0.5448B 

Male   0.2545A 0.3928A 0.6817A 

  p-value <0.0001 0.0008 0.0397 

 Uninfected  0.2536A 0.4060A 0.7171A 

 Infected  0.1932B 0.2939B 0.5094B 

  p-value <0.0001 <0.0001 0.0002 

Female Uninfected  0.2418A 0.3890A 0.6657AB 

Female Infected  0.1429B 0.2255B 0.4237C 

Male Uninfected  0.2657A 0.4228A 0.7684A 

Male Infected  0.2433A 0.3626A 0.5952M 

  p-value 0.0023 0.0298 0.3126 

  SEM 0.0013 0.0227 0.0334 

 
1Standard error of the mean (total cages=2) 
A-B Means within a column with no common superscript were significantly different (p-value < 
0.05)  
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Table 2.4.  Experiment 5: Comparison of mean body weight (BW) as affected by sex, 
infection type, and their interaction. 
  

   Age (days) 

Sex Infection  7 14 21 28 

   Body Weight (kg) 
Female   0.1235B 0.2235 0.4044B 0.6221 
Male   0.1308A 0.2377 0.4446A 0.6477 

  p-value 0.0323 0.0725 0.0058 0.2240 
 Uninfected  0.1268 0.2566A 0.4842A 0.7251A 

 C. anatis  0.1281 0.2239B 0.4034B 0.6175B 

 C. anatis * T. gallinarum  0.1266 0.2111B 0.3858B 0.5620B 

  p-value 0.9221 <0.0001 <0.0001 <0.0001 

Female Uninfected  0.1264AB 0.2557 0.4687 0.7510A 

Female C. anatis  0.1299AB 0.2197 0.3922 0.5928BC 

Female C. anatis * T. gallinarum  0.1143B 0.1938 0.3526 0.5224C 

Male Uninfected  0.1272AB 0.2565 0.4992 0.6993AB 

Male C. anatis  0.1264AB 0.2278 0.4146 0.6422BC 

Male C. anatis * T. gallinarum  0.1389A 0.2294 0.4204 0.6016BC 

  p-value 0.0023 0.1590 0.3852 0.0293 

  SEM1 0.0040 0.0093 0.0170 0.0244 

  
1Standard error of the mean (total cages=6) 
A-C Means within a column with no common superscript were significantly different (p-value < 
0.05)  
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Table 2.5. Experiment 5: 28d Cochlosoma anatis (C. anatis) and Tetratrichomonas 
gallinarum (T. gallinarum) concentrations (cell/mL) for treatment groups as determined 
through microscopy. 
 

Sex Infection  28d C. anatis counts 
(cells/mL)1 

28d T. gallinarum 
counts (cells/mL)1 

Female Uninfected  0 0 
Female C. anatis  3.36 million 0 
Female C. anatis * T. gallinarum  6.36 million 0.64 million2 

Male Uninfected  0 0 
Male C. anatis  4.07 million 0 
Male C. anatis * T. gallinarum  4.80 million 02 

 
1Counts were averaged (n=5) for each treatment. 
2C. anatis was identified in samples taken using the T. gallinarum sampling protocol 
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OVERALL CONLCUSION 

The purpose of this thesis was to determine changes in production parameters during a T. 

gallinarum infection and develop an infection model to use for identifying risk factors associated 

with a C. anatis infection. Manuscript I demonstrated that growth performance was not negatively 

affected during infections of different T. gallinarum isolates. Even an added nutritional stress of 

decreased threonine did not exacerbate disease development in infected turkeys. Manuscript II 

demonstrated the negative effect C. anatis has on body weight for both female and male turkeys, 

as well as quicker onset of disease in females. Co-infection of C. anatis and T. gallinarum did not 

produce increased magnitude of disease in turkeys, though the absence of T. gallinarum in samples 

collected suggest that infection of this organism was not successfully established. T. gallinarum 

and C. anatis are two parasites that are infective to commercial poultry flocks. While the 

prevalence of these organisms in the industry settings have increased over the past decades, there 

remains little research on the negative etiological effects they can cause. Based on the presented 

research, T. gallinarum does not appear to be pathogenic to commercial turkeys. However, based 

on both presented industry data and experimental infections of this thesis, C. anatis does cause 

significant decreases in production parameters of commercial turkeys. 

 

 

  

 


